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ABSTRACT

In recent years in Canada, direct support provided by governments to the 

agricultural sector has been decreasing due to international obligations under the General 

Agreement on Tariff  and Trade/World Trade Organization (GATTAVTO) and the North 

American Free Trade Agreement (NAFTA). Consequently, governments and the 

agriculture industry are exploring ways of generating and sustaining farmers’ revenue 

from the marketplace. There is a renewed interest in the concept o f  " p ° st"harvest value 

adding” by the federal and provincial governments and the agriculture industry, and 

substantial investment has been made in value-added initiatives in the post-farm-gate 

sector.

The purpose o f  this thesis is to assess the impacts o f  post-farm-gate value added 

activities on western Canadian agriculture. Value adding activities in the form of research 

and development projects in the post-farm-gate sector are assumed to result in increased 

demand for primary commodities produced in western Canada. Thus, the thesis aims at 

assessing the effects o f  value adding on the production of primary commodities, prices 

and the welfare of farmers. Primary commodities that are considered here include wheat, 

barley, canola, slaughter cattle and slaughter hogs.

The procedure adopted to achieve the objectives of the thesis is first, to establish 

the type of relationships among the commodities considered in the study using a Leontief 

function. Second, the nature of the market for these primary commodities is assessed 

using a Translog function. Finally, simulation experiments are conducted to provide 

insights into the effects of the assumed increased demand for commodities resulting from
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post-harvest value adding activities. The effects assessed are changes in prices, quantities 

and producer welfare in the form o f profits.

The results indicate significant economic interrelationships among wheat, barley, 

canola, slaughter cattle and slaughter hogs at the farm sector. Wheat production and 

barley production appear as complements but canola production appears to be a substitute 

for wheat production. Hog production is positively related to the prices o f  wheat, barley 

and canola. Cattle production is positively related to the price of barley. The results 

indicate jointness in the production of hogs and barley. On the issue o f  the existence of 

market power held by processors, there is no evidence of non-competitive behaviour in 

any of the commodity markets examined.

Results from the simulation exercises indicate that an increase in the price o f  one 

commodity results in an increase in the production o f that commodity and a fairly 

constant or decline in the production of others. An implicit assumption underlying the 

simulation model is that land is fixed, so that there is competition for the land resource in 

production. Farmers’ welfare is increased significantly with an increase in the price of 

grains/oilseed. Experiments conducted by increasing the quantity o f  commodities 

demanded on the domestic market revealed a very small effect on commodity prices. As 

a result, the increase in farmers’ profits is also minimal. Changes in quantity variables did 

not trigger changes in price variables, suggesting that in Canada, commodity prices are 

exogenously determined, predominantly by situations in the international market.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



University o f Alberta

Faulty o f Graduate Studies and Research

The undersigned certify that they have read, and recommend to the Faculty o f Graduate 

Studies and Research for acceptance, a thesis entitled ‘T h e  Impact of Post-Farm-Gate 

Value-Added Activities on Western Canadian Agriculture” in partial fulfillment of the 

requirements o f the degree o f Doctor of Philosophy in Agricultural Economic.

jiqnes R. Unterschultz (Co-Supervisor)

flu. -ffl

Michele M. Veeman (Co-Supervisor) 
/

<
Mel L. Lerohl (Committee Chair)

Scott R. Jeffrey (C Member)

David Ryan (Committee Member)

I S

Alfons Weersink (External Examiner)

May 29, 2000

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGEMENTS

M y deepest gratitude first goes to the Almighty God, my Heavenly Father for His 

grace, strength and wisdom that enabled me to complete this program. Without His grace 

and guidance, I would not have come thus far. I am also grateful to Dr. Jim Unterschultz 

for his assistance in all aspects of my program and stay at the University of Alberta. Dr. 

Michele Veeman is worthy of special mention for her ideas and relentless editing of thesis 

drafts. My thanks also go to Dr. Scott Jeffrey' for the useful insights he gave me regarding 

prairie agriculture as well as his suggestions about some o f  the data used in the study. 

Much thanks also go to the Canadian Wheat Board (CW B) and the Alberta Agricultural 

Research Institute (AARI) for funding the project.

Thanks to the academic and administrative staff o f  Rural Economy department for 

making the department a pleasant place to study. Each one o f  them contributed in one way 

or the other to my successful study at the department. Thanks also to my fellow graduate 

students for sharing ideas with me.

Finally, a big 'thank you' to my family forg iv ing  me the motivation, support and 

affection during the course of the program.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

1. INTRODUCTION..........................................................................................................................1
L i  In t r o d u c t i o n ' .........................................................................................................................................................1

1.2 G o v e r n m e n t  In i t i a t i v e s  o n  V a l u e - A d d i n g .....................................................................................2

1.3 P r o b l e m  S t a t e m e n t ......................................................................................................................................... 3

1.4 O bje c t iv e s  o f  t h e  S t u d y .............................................................................................................................. 5

1.5 R e l e v a n c e  o f  t h e  St u d y .............................................................................................................................. 6

R e f e r e n c e s ........................................................................................................................................................................ 12

2. SUPPLY RESPONSE OF WESTERN CANADIAN AGRICULTURE.........................13

2.1 In t r o d u c t i o n .......................................................................................................................................................13

2 .2  L it e r a t u r e  r e v i e w  o f  W e st e r n  C a n a d i a n  a g r i c u l t u r e ....................................................14

2 .3  T h e o r e t ic a l  F r a m e w o r k ............................................................................................................................17

2.3.1 Basic Model Formulation................................................................................................17

2.3.2 Modelling Fixed Allocatable Input.................................................................................20

2.3.3 Input Non-jointness.......................................................................................................... 22

2 .4  E m p ir ic a l  S p e c i f i c a t i o n ............................................................................................................................ 23

2 .5  D a t a  R e q u i r e m e n t s ......................................................................................................................................27

2 .6  Es t im a t io n  P r o c e d u r e ............................................................................................................................... 29

2.7 R e s u l t s  a n d  D i s c u s s i o n ......................................................................................................32

2.7.1 Model Diagnostics............................................................................................................. 32

2.7.2 Estimation Results.............................................................................................................34

2.7.3 Partial Price Responsiveness............................................................................................35

2.7.4 Partial Responsiveness to Non-Price Variables............................................................. 37

2.7.5 Total Price Responsiveness............................................................................................ 39

2.7.6 Tests of Non-jointness in Production............................................................................. 40

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.8 S u m m a r y  a n d  Co n c l u s i o n s ..................................................................................................................... 4 2

Re f e r e n c e s ...................................................................................................................................................................... 54

A p p e n d i x  2 a : C a n o l a  P r ice  S e r i e s ..............................................................................................................59

A p p e n d i x  2 b : E l a st ic it y  Fo r m u l a t i o n s ..................................................................................................60

APPENDIX 2C : FORMULATIONS FOR TESTING NON-JOINTNESS IN PRODUCTION......................... 61

A p p e n d i x  2 d : D a t a  S eries U s e d  f o r  t h e  F a r m  S e c t o r  M o d e l ................................................. 6 2

APPENDIX 2E: DATA SERIES USED FOR THE FARM SECTOR MODEL................................................. 63

3 . A N A L Y S I S  O F  D O M E S T I C  D E M A N D  F O R  F A R M  O U T P U T ............................................. 64

3 . 1 INTROD UCTION.....................................................................................................................................................64

3.2  R e v i e w  o f  Pa s t  D e r iv e d  D e m a n d  St u d i e s ...................................................................................... 66

3.3 T h e o r e t i c a l  Fr a m e w o r k ...........................................................................................................................6S

3.3.1 Preliminary Outline..................................................................................................................................6S

3 .3 .2  M o d e ll in g  N on -C o m p etit iv en ess ......................................................................................................70

3 .3 .3  A ggregation  Issues...................................................................................................................................73

3.4 a p p l i c a t i o n  a n d  Em p ir ic a l  S p e c i f i c a t i o n s .................................................................................. 7 4

3.4.1 R esp on siven ess  and Elasticity M ea su res ...................................................................................... 77

3.5 D a t a  a n d  Est im a t io n  P r o c e d u r e ........................................................................................................ S 1

3.6 R e s u l t s  a n d  D is c u s s i o n ..............................................................................................................................S3

3 . 6 . 1 M o d e l  D ia g n o st ic s ...................................................................................................................................83

3 .6 .2  M od el V alidation ..................................................................................................................................... 84

3 .6 .3  T est  o f  N on-C om petit ive  B ehaviour ...............................................................................................85

3 .6 .4  Elasticity Measures o f  Price C h a n g e ..............................................................................................S7

3.7 S u m m a r y  a n d  C o n c l u s i o n s ..................................................................................................................... 91

R e f e r e n c e s ......................................................................................................................................................................9S

APPENDIX 3 a : CONVERTING EFFECTIVE MARGINAL COST INTO ELASTICITY MEASURES - 103

APPENDIX 3B: EXPRESSION FOR THE OLIGOPSONISTIC PRICE "MARK-DOWN.” .....................  104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX 3C: DATA SERIES USED FOR THE PROCESSING SECTOR MODEL..............................  105

APPENDIX 3D: DATA SERIES USED FOR THE PROCESSING SECTOR MODEL..............................  106

4 . C A N A D I A N  R E T A IL  D E M A aV D  F O R  F O O D ................................................................................. 107

4 .1  In t r o d u c t i o n ..................................................................................................................................................107

4 .2  T h e o r e t ic a l  Fr a m e w o r k ........................................................................................................................109

4 .2 .1  Separability A s s u m p t io n ...................................................................................................................... 109

4 .2 .2  T he A lm ost Ideal D e m a n d  S ystem  ( A I D S ) ................................................................................ 110

4 .2 .3  The F lexible D ynam ic  L A I D S  M o d e l ...........................................................................................117

4 .3  E m p i r i c a l  M o d e l s ................ . .....................................................................................................................114

4 .4  D a t a  R e q u i r e m e n t s   .................................................................................................................... 116

4.4 .1  Disaggregating M eat E xp en d itu res .................................................................................................  117

4 .5  R e s u l t s  a n d  D i s c u s s i o n   ....................................................................................................................1 19

4 .5 .1  Elasticity Estimates for First-Stage Income A l lo c a t io n ...................................................... 120

4 .5 .2  Elasticity Estimates for S eco n d -S ta g e  Incom e A l l o c a t io n ...............................................122

4 .6  S u m m a r y  a n d  C o n c l u s i o n s ................................................................................................................126

4 .7  S u g g e s t i o n s  for  Fu r t h e r  R e s e a r c h ..............................................................................................127

R e f e r e n c e s .................................................................................................................................................................. 137

a p p e n d i x  4 a : Ela stic ity  Fo r m u l a t i o n  for  t h e  F l e x i b l e  D y n a m i c  LAIDS M o d e l . 140

APPENDIX 4B: DATA SERIES USED FOR THE RETAIL SECTOR MODEL.........................................  141

5. S I M U L A T I O N :  T H E  I M P A C T  O F  V A L U E - A D D I N G  O N  T H E  F A R M  S E C T O R .  143

5.1 In t r o d u c t i o n ............................ ....................................................................................................................143

5 .2  C o n c e p t u a l  M o d e l ..............  .................................................................................................................. 145

5.3  E m p ir ic a l  M o d e l .................... .... ...............................................................................................................146

5 .4  M o d e l  Pa r a m e t e r i z a t i o n .....................................................................................................................150

5 .5  M o d e l  V a l i d a t i o n .................................................................................................................................... 151

5 .6  W e l f a r e  M e a s u r e s ................................................................................................................................... 153

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5 .7  R e s u l t s  a n d  D i s c u s s i o n ...........................................................................................................................154

5 .7 .1  Effects o f  Increases in Com m odity  P r ic e s ................................................................................. 154

5 . 7 . 1 .1 Effects o f  a 50%  Increase in W heat P r i c e ......................................................................... 155

5 .7 .1 .2  Effects o f  a 50% Increase in B arley P r ic e ......................................................................... 156

5 .7 .1 .3  Effects o f  a  50%  Increase in C anola  P r i c e ........................................................................157

5 .7 .2  Effects o f  an Increase in Dom estic  D e m a n d  for C o m m o d it ie s ..........................................158

5.7 .2 .1  Effects o f  a 20%  Increase in D o m e s t ic  D em and for W h e a t .......................................159

5 .7 .2 .2  Effects o f  a  20%  Increase in D o m e s t ic  D em an d  for C a n o la ..................................... 160

5 .1.23  Effects o f  a 20%  Increase in D o m e s t ic  D em and for C a tt le ........................................161

5 .7 .2 .4  Effects o f  a 20%  Increase in D o m e s t ic  D em and for  H o g s ......................................... 161

5.S  S u m m a r y  a n d  C o n c l u s i o n s ...................................................................................................................162

R e f e r e n c e s ..................................................................................................................................................................... 167

APPENDIX 5 a : EMPIRICAL MODEL..................................................................................................................  170

6. GENERAL DISCUSSION AND CONCLUSIONS............................................................171

6.1 In t r o d u c t i o n .................................................................................................................................................. 1 7 1

6 .2  R e s u l t s ............................................................................................................................................................... 171

6 .3  R e c o m m e n d a t i o n s ......................................................................................................................................173

R e f e r e n c e s ...................................................................................................................................................................176

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF TABLES

Table 1.1: Value of Processed Food and Unprocessed Farm Commodities................................. 11

Table 2.1: Farm Sector Variables: Definition and Sources of Data.............................................. 46

Table 2.2: Unit Root Tests..................................................................................................................48

Table 2.3: Estimated Coefficients for the Commodity Supply Response Models.......................49

Table 2.4: Estimated Measures of Partial Supply Elasticities........................................................ 50

Table 2.5: Comparison of Partial Supply Elasticities with those from Selected Studies............51

Table 2.6: Estimated Measures of Total Supply Elasticities.......................................................... 52

Table 2.7: Chi-squared Test Results for Non-Jointness in Production......................................... 53

Table 3.1: Processing Sector Variables: Definition and Sources of Data..................................... 94

Table 3.2: Estimated Coefficients for the Processing Sector Models............................................95

Table 3.3: Estimated Elasticities for the Processing Sector Evaluated at 1974-1996 Mean.....96

Table 3.4: Estimated Elasticities for the Processing Sector Evaluated at 1991-1996 Mean.....97

Table 4.1: Retail Sector Variables: Definitions and Sources....................................................... 130

Table 4.2: Estimated Coefficients of the Flexible Dynamic LAIDS Model...............................131

Table 4.3: Estimated Uncompensated Demand Elasticities for First-stage Allocation 132

Table 4.4: Estimated Compensated Demand Elasticities for First-stage Income Allocation . 133

Table 4.5: Comparison of Short-run Demand Elasticities with Previous Studies.....................134

Table 4.6: Estimated Uncompensated Elasticities for Food Consumed at Home...................... 135

Table 4.7: Estimated Compensated Price Elasticities for Food Consumed at Home................ 136

Table 5.1: Effects of 5091 Increase in Commodity Price..............................................................165

Table 5.2: Effects of 2091- Increase in Domestic Demand for Commodities..............................166

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LIST OF FIGURES

Figure LI: Ratio of the Value of Processed Food to the Value of Unprocessed Commodities... 8

Figure 1.2: A Diagram of Product Flow and the Marketing System for Food in Canada...............9

Figure 1.3: Alternative Impacts of Value Added Investments on Processors' Input U se............. 10

Figure 2.1: Canadian Slaughter Cattle Numbers and Average Carcass Weight............................44

Figure 2.2: Canadian Slaughter Hogs Numbers and Average Carcass Weight..............................45

Figure 4.1: Postulated Separabilty Tree for Canadian Consumers.................................................129

Figure 5.1: Hypothesised Effects of Value Added Investment...................................................... 164

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1. INTRO DUCTIO N

1.1 Introduction

In recent years in Canada, domestic government policies are being undertaken to 

reduce budget deficits. Direct support provided by governments to the agricultural sector 

is being reduced due to international obligations under the General A greem ent on Tariffs 

and Trade/World Trade Organization (GATT/WTO) and the North American Free Trade 

Agreement (NAFTA). For example, in 1995, the Western Grain Transportation Subsidy 

(WGTS) was eliminated, altering the economics o f  agricultural production and food 

processing in western Canada. Faced now with higher grain transportation rates, farmers 

in the Canadian Prairies (the provinces of Manitoba, Saskatchewan and Alberta) have to 

explore new ways for sustaining the farming business. The problem facing farmers is 

funher aggravated with the cyclical nature o f  agricultural markets and volatile 

commodity prices. If agricultural production and productivity remain at constant levels 

and long run declining trends in commodity prices continue, farmers’ revenues per unit of 

production are likely to decline over time in the absence o f  any governm ent support. 

These developments confronting farmers are creating the necessity for governm ents and 

the agriculture industry to explore ways of generating and sustaining producers’ revenue 

from market sales and revenues. They also pose immediate challenges for adaptation and 

adjustment through diversification, expansion and value-added processing activities 

beyond the farm g a te1.

On the demand side, consumer studies indicate that many consumers are tending 

to consume more differentiated, higher quality products. Health concerns seem  to be high
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among various factors guiding many consumers’ choice o f  food (Beggs et al. 1993; Capps 

and Schmitz 1991; Quagrainie 1995). In addition, the Canadian population is undergoing a 

change in ethnic and age mix. These developments in the demand for food in Canada 

provide opportunities to develop value-added foods and non-traditional ethnic foods for 

both the domestic markets and for export.

1.2 Governm ent Initiatives on Value-Adding

The agricultural sector in the Canadian Prairies is characterized by the production 

o f grains, oil-seeds and livestock. A greater part o f  the farm products is shipped and 

marketed as raw, bulky and unprocessed farm commodities. The value o f  processed food 

and beverages is low relative to the value of unprocessed farm commodities (Table 1.1). 

The ratio o f the two values is less than one and it appears to be stable (Figure 1.1). These 

values reflect the relatively lower level of value added to primary agricultural products in 

the Prairies compared to Ontario. Consequently, the potential for increased value-added 

processing has attracted much attention by both the federal and the Prairie governments. 

The annual rate of growth in processed food and beverages in the prairies is less than 5%. 

From 19SS to 1997, the average annual growth rate o f  processed food and beverages is 

calculated as 4.9% for Alberta, 4.4% for Saskatchewan, and 2.9% for Manitoba.

In 1996, the Alberta government provided $35 million in seed money towards the 

establishment of a new, not-for-profit Alberta institution, the Alberta Value Added 

Corporation (AVAC). This corporation was created to foster research and development 

into the commercialization o f  value-added products with a focus on the agriculture and

1 In this study, the concept o f  value adding refers to any activity that increases the value o f  raw agricultural 
commodities through processing. It includes improvement in quality and the production o f  alternative

9

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



food sector. Also in 1996, the Saskatchewan government instituted an Agri-Value 

Program (AVP). The purpose of the program is to encourage the development of 

agriculture-related, value-added industries in that province. In 1997, Manitoba 

Agriculture and Agriculture and Agri-Food Canada introduced the Agri-Food Research 

and Development Initiative (ARDI). This initiative is meant to encourage, promote, and 

conduct innovative research and development projects that contribute to economic 

development, sustained prosperity, and successful adaptation in the changing agricultural 

trading environments. The objective o f  these value-added initiatives is to induce post

harvest value-added growth in most sectors of the prairie agricultural economy. It is 

hoped that this may have a broad and potentially huge economic impact at the farm level 

as a result o f  increased demand for primary commodities produced in the Prairies.

1.3 Problem  Statem ent

Development o f  post-harvest value-added activities should be viewed as part o f a 

continuous, complex economic development process within the food system. The 

effectiveness o f  value-added initiatives on the farm sector demands an understanding of 

the whole economic process. First, long-term growth in value-adding activities depends 

primarily on growth in effective demand for value-added products and on production of 

agricultural raw materials. Demand for food is a function of income, prices, taste and 

demographic factors. Empirical evidence suggests that food is price inelastic, although 

elasticity measures for various categories of food may differ. On the other hand, the 

supply of raw agricultural commodities depends primarily on expected prices and 

exogenous factors such as technology and weather.

products that meet consumer approval.
j
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Second, the food production process is a multi-stage production system. Figure

1.2 is a simplified chart illustrating product flow and the marketing system in Canada. 

There are intra- and inter-relationships between the grains and livestock sectors. For 

example, interrelationships exist between beef and pork, and between barley and 

slaughter hog production. Thus, any value adding in cereals may have a significant 

impact on the livestock industry and vice versa.

Third, any investments can change the structure o f  the production technology in 

the processing sector. Figure 1.3 depicts two possible effects o f  value-added investments 

assuming the prices o f  the inputs used are held constant. The curves are isoquants of a 

farm commodity X I  and a marketing input X2, the inputs used by the processor. In one 

scenario, an increase in processors’ output from Q" to Q 1 causes an increase in the use of 

both inputs, i.e.. giving a parallel shift in the isoquants. In this case more output is 

produced using more o f  the farm commodity and the marketing input. The same 

proportion of the inputs is used in the production process (from point a  to b). 

Alternatively, as output increases from Q n to Q 1, the amount o f  X I used increases but the 

amount of X2 used declines. In this scenario, there is a change in the shape and position 

of the isoquant. More o f  the farm commodity input is used relative to the marketing input 

(from point c to d).

Fourth, the value-adding policy initiatives involve publicly funded investments 

and policy makers should have information about payoffs in order to assess alternative 

uses for these public funds. There is a public interest issue also about the productivity of 

tax dollars. Besides farmers, other identifiable groups in the marketing system are 

processors, marketing input suppliers and consumers. Each o f these agents may be

4
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affected by policies on value adding. The size and distribution o f  any value-added based 

benefits/costs can be expected to depend on market structure. Consequently, there is a 

need to evaluate the size and distribution of benefits/costs o f  this policy among the 

various groups. Clearly, there are several factors at play in the food production process 

that need to be understood if  the impact of post-harvest value adding is to be assessed 

appropriately.

1.4 O bjectives o f the Study

The primary objective of the thesis is to simulate the likely impact o f  value adding 

on commodity prices, quantities, and welfare of farmers. However, given the complex 

process within the food system, this study also examines the linkages among consumers, 

processors and grain and livestock farmers in the prairie region using econometric 

modelling methods. Three crops and two livestock commodities are considered in this 

study, namely wheat, feed barley, canola. slaughter cattle and slaughter hogs. These are 

major farm commodities produced in western Canada. Specifically, the objectives of the 

study are:

1. to examine the interrelationships in commodity production at the farm level in the 

Prairies,

2. to evaluate food supply and farm commodity dem and relationships in the processing 

sector in Canada.

3. to evaluate the existence o f  any oligopsony pow er in the domestic market for primary 

farm commodities because in Canada, there are relatively few primary food 

processing establishments compared to the num ber o f  farm businesses suggesting

5
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there is the potential that these processing establishments will exert some market

power in the domestic market for farm commodities.

4. to investigate short run and long run demand for food in Canada, and

5. to simulate the likely impact of value adding on commodity prices, quantities, and 

welfare of farmers.

To accomplish these objectives, models o f  the production o f  wheat, barley, 

canola. slaughter cattle and slaughter hoas are estimated using a Generalized Leontief
w  w  O

function. Using Translog specifications, the supply functions for wheat flour, canola oil

and meat products and the demand functions for farm commodities are specified so that 

the extent of any oligopsony power in the domestic market for primary farm commodities 

can be determined. To investigate the short run and long run demand for food in Canada, 

a dynamic linear version of the almost ideal demand system (LAIDS) is used. The 

functional forms used allow the evaluation of cross com m odity effects. These supply and 

demand relationships are then incorporated into a synthetic simulation model to 

investigate the likely impact o f  increased value-added processing on com m odity prices, 

quantities, and welfare of prairie farmers.

1.5 Relevance o f the Study

The procedure applied here is expected to provide results that will give an insight 

into the relationships among the five commodities considered (wheat, feed barley, canola, 

slaughter cattle and slaughter hogs). An insight into the relationships at the farm level is 

very important as farm managers are determining their best strategies for future profit and 

farm growth. Results from the simulation analyses will assist governments in evaluating

6
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their policies for the agricultural sector and provide a framework for future policy 

decisions, particularly in the allocation of  public resources. In addition, the study will 

provide insights into the short run and long run patterns of food consumption in Canada. 

This is also important for policy planning purposes.

The thesis is presented as follows: In Chapter 2 there is an examination o f the 

production o f  wheat, feed barley, canola, slaughter cattle and slaughter hogs in the prairie 

region. The production of crops and livestock is examined simultaneously. In Chapter 3, 

the economic behaviour of the Canadian food-processing sector is examined to assess 

whether or not oligopsony power applies in this sector. The rationale for this assessment 

is that the distribution of economic benefits from investment in value-added activities 

depends on market structure. In Canada, there are relatively few primary food processing 

establishments compared to the larger number of farm businesses and production. Thus, 

in the absence o f more competition for farm commodities from the export market, 

concern has been expressed that these processing establishments will exert some market 

power in the domestic market for farm commodities. In Chapter 4 the demand for food in 

Canada is investigated. The final chapter incorporates the estimated supply and demand 

relationships in Chapters 2, 3 and 4 into a static synthetic simulation model. The model is 

then used to simulate the likely impact o f  value adding on prices, quantities, resource 

allocation and net benefits to western Canadian farmers, processors and consumers.
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Figure 1.1: Ratio o f  the Value of Shipm ents o f  Processed Food to the V alue o f

O utput o f Unprocessed Farm  Production
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Figure 1.2: A Sim plified Diagram of Product Flow and the M arketing System for

Food in Canada
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Figure 1.3: A lternative Possible Impacts o f Value A dded Investm ents on

Processors’ Input Use
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Table 1.1: Nominal Values o f  Processed Food and Unprocessed Karin Commodities o f  som e Selected Provinces

($l)illion)1

Value of Processed Food & beverage 
($!>illion)

Value of Unprocessed F a rm  Commodities 
($bil!ion)

Year A lberta Sask. M anitoba Prairie O n tar io Alberta Sask. M anitoba Prairie  O n ta r io

1988 4.51 1.10 1.81 7.42 17.53 4.46 4.46 2,09 11.01 5.76
1989 4.64 1.20 1.73 7.57 18.07 4.59 4.49 2.10 11.18 5.77

1990 4.89 1.16 1.64 7.69 17.87 4.28 4.02 1.98 10,28 5.66
1991 4.78 l . l l 1.57 7.46 17.80 4.23 4.12 2.00 10.35 5.55
1992 4.74 1.06 1.59 7.39 18.76 4.92 4.38 2.16 11.46 6.06
1993 5.29 1.01 1.66 7.96 19.70 5.00 4.55 2.38 11.93 5.92
1994 5.76 1.10 1.74 8.60 21.15 5.52 5.05 2.44 13.01 6,07
1995 6.33 1.16 1.94 9.43 21.87 5.89 5.37 2.51 13.77 6.31
1996 6.84 1.35 2.15 10.34 22.93 6.44 5.48 2.75 14.67 6.57

1997 7.25 1.70 2.42 11.37 23.72 6.34 5.90 3.03 15.27 6.77

Source: Statistics Canada (C A N S IM ).  In C A N S I M ,  the term ino logy  "value o f  sh ipm ent o f  food and beverage" applies  as the measure o f  the value o f  

processed food and beverage and the data on "farm receipts” is applied its die measure o f  the value o f  output o f  unprocessed farm c o m m o d it ie s
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SU PPLY  RESPONSE OF W ESTERN  CANADIAN AGRICULTURE

2.1 Introduction

Long-term growth in post-harvest value-adding activities depends not only on 

growth in effective retail demand, but also on the supply o f  agricultural raw materials. 

The supply o f  agricultural products depends on expected price and other exogenous 

factors including technology, weather and government policy. There are production 

interrelationships in the faim sector. Some major livestock feed inputs like barley are 

obtained from crop production so that production decisions in the crop sector are directly 

associated with production decisions in the livestock sector. Moreover, major government 

policy decisions may change the economic environment affecting the crop sector and this 

may have an impact on the livestock sector. Even within the crops sector, changes in the 

economic factors affecting one crop may have some impact on other crops. It is, 

therefore, important to examine these interrelationships at the farm level to enable a 

better prediction o f farmers' behaviour resulting from increased value-added activities in 

the processing sector and any increased dem and for farm output.

Changes in the economic environment affecting the agricultural sector can be 

expected to affect farm commodity prices. Often farmers’ responses to changes in the 

agricultural economic environment are assessed in terms o f the response of commodity 

supply to changes in prices. However, in the short run, some factors of production may be 

irreversibly committed to particular uses. An important example of this type of input is 

farmland. It is important, then, to examine farmers’ ability to make long run structural 

adjustments in response to any broad-based changes that may confront the farm sector 

from increased value-added activities in the processing sector.

13
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This component of the thesis is organized as follows. The section that follows 

gives a brief review o f studies on commodity supply in western Canada. Based on the 

review, the objectives of the study are outlined. This section is followed by an outline o f  

a theoretical framework on which the models to be estimated are based. In this section, 

the formulation for incorporating farmland allocation decisions and the formulation for 

examining the total effect o f  a price change are developed. The formulations that are 

developed involve alternative ways of specifying a system of supply response models: 

these have not been applied in previous studies of western Canadian agriculture. Supply 

functions are specified as being conditional on farmland allocations using a Generalized 

Leontief profit function. Following this are sections dealing with the empirical 

specification of the models, data description, estimation methods and presentation of 

estimation results. Some conclusions are then drawn from the estimation results.

2.2 Literature Review o f W estern Canadian Agriculture

Various studies of western Canadian agriculture have examined different 

modelling issues that include functional forms, the effects of government policy and 

technological changes, and risks. For example, Bewley et al. (19S7), Coyle (1993b). 

Horbulyk (1990), Krakar and Paddock (1985), and Meilke and Weersink (1991) 

examined different functional forms for supply response models. Given that there are 

risks associated with the business of farming, Meilke and Weersink (1990, 1991), 

Schoney (1990, 1995), and Weisenel et al. (1991) introduced producer risk into supply 

response models for the prairie region. Other researchers have examined the effects of 

price expectations on farmers’ supply functions (Clark and Klein 1992; Clark et al.

14
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1992). Carew et al. (1992) also investigated how technological chaanges brought about by 

agricultural research have influenced Canadian agriculture.

Another important issue that has confronted prairie farme:rs during the past two 

decades includes changes in government agricultural policy. A gricu ltu ra l policies that 

have affected prairie agriculture include the Western Grains Stabilisation Program 

(WGSP), the Western Grain Transportation Subsidy (WGTS), as -well as crop insurance 

and safety net programs. In 1990, the W G SP was abandoned in flavour o f  an expanded 

crop insurance program and in 1995, WGTS was eliminated. Studi es that have examined 

the impact o f  government programs include Cameron and S p r ig g s  (1991), C luff et al. 

(1990), Coyle and Brink (1990), Fulton (1987), Meilke (1976), Meilke and Weersink 

(1990), and Miranda et al. (1994). Results from these studies have suggested that there is 

little or no impact of the WGSP on acreage allocations.

This portion of the thesis builds on previous economic research on western 

Canadian agriculture in a number of ways. First, the studies cited! above have analysed 

crops and livestock sectors separately, implicitly assuming weak separability between 

these two sectors in western Canada2. This assumption is somewh.at restrictive and may 

be inappropriate if results are to be used for policy analyses simce, as noted earlier, 

interrelationships exist between the livestock sector and the crcops sector in western 

Canadian agriculture. This study examines supply response in t h e  livestock and crops 

sectors simultaneously to enable a better prediction of farmers’ behaaviour.

' The concept o f  weak separability involves aggregation to construct broad groi ups o f  com m odities (e.g.. 
crops and livestock) as w ell as separable decision  m aking for each o f  the .group  subproblem s. This 
assumption perm its the specification and estim ation o f  a subgroup o f  com m oditises in isolation from  other 
com m odities.
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Second, Coyle (1993b) examined western Canadian farmers’ response 

incorporating farmland allocation for a four-crop model of wheat, barley, canola and 

“other” crops using data over the period 1961-1984. However, farmland is viewed as a 

quasi-fixed agricultural input that is allocatable not only to the production o f  wheat, 

barley, canola, oats, and  “other” crops, but also to the production o f tame hay (seeded hay 

as opposed to native grass) and for summer fallow. Hay is an important feed input for 

livestock and tame hay  is increasingly becoming a commercial crop in western Canada. 

In 1960, 1.83 million hectares o f  land was seeded to tame hay in western Canada 

(Statistic Canada -  CANSIM ). In 199S, 4.45 million hectares o f  farmland was seeded to 

tame hay, an increase o f about 143 percent. Despite decreases in this practice, summer- 

fallow is still a primary rotation practice in arid cropping areas o f  western Canada (Clark 

and Klein 1992). This study incorporates farmland allocation to the production o f  wheat, 

barley, canola. and tame hay. as well as considering land allocation to summer-fallow.

Finally, the present study examines farmers’ ability to make long run adjustments 

by distinguishing between:

(a) a change in supply induced by a price change holding allocatable farmland constant 

(viewed as partial effects of a price change) and

(b) a change in supply associated with reallocation of  farmland, in response to the price 

change (referred to as complete effects of the price change).

In summary, the models to be used in this component o f  the study include three 

crops (wheat, barley and canola) and two livestock activities (cattle and hogs). The 

models incorporate farmland allocation in the production o f wheat, barley, canola and 

tame hay as well as land allocation to summer-fallow. Results from this model will assist

16
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in providing a means o f  assessment and prediction o f  the effects o f  shifts in economic 

conditions on crop and livestock production and on farmland allocation in western 

Canada.

2.3 Theoretical Fram ew ork

This section outlines the economic theory of  production and its application to the 

western Canadian farm sector. The “total” effect of price changes on farm production, 

based on interrelations between alternate farmland uses, is examined.

2.3.1 Basic Model Formulation

The approach of duality to production economics is applied in this study. The 

essence of  the dual approach is that technology constrains optimizing behaviour of 

individuals. Thus, it is possible to use a representation o f  optimizing behaviour (e.g., cost 

minimization, profit maximization) to study technology (Chambers 198S). In addition, 

the dual approach avoids explicit specification of  production functions and permits the 

specification of a system of output supply functions from the dual profit or cost function. 

This procedure is appropriate when dealing with multiple commodities and/or products. It 

permits the incorporation o f  contemporaneous covariances of disturbances across 

equations in the estimation procedure and the specification of symmetry restrictions on 

coefficients across equations that arc implied by theory. Consequently, a duality approach 

is appropriate to examine interrelationships between the crop and livestock sectors to 

enable an effective assessment o f  the effect of a price change on the production of other 

commodities.

17
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Consider the farming business in western Canada as being a competitive industry 

with the objective o f  a farmer operating a multi-output farm enterprise being 

maximization of short run profit. A farmer’s decision problem is then described as:

f l ( u \ r , d , z )  = max {nr/ — rx : q e  Q(x,cl ,z)}  (2.01)
q . . x

where q = (<r/i,..., qm) is a vector of outputs for m enterprises; w = (irq,..., wm) is a vector

of output prices; .v = (.Vi a\) is a vector o f  variable inputs; r = (/*[___  rv) is a vector of

variable input prices; cl = (cl\ ,... cln) is a vector of exogenous variables (e.g., weather and 

interest rates); z is a fixed input that can be allocated among m enterprises (e.g., total

rrt

farmland) with z > ^  z ' , where z is farmland allocated to the irh enterprise; and Q is the

output set (i.e.. the set of feasible outputs given .v, d  and z).

Equation ( 2 . 0 1 )  is an expression of the maximum level o f  variable profit (i.e., 

revenue minus variable cost) given the exogenous factors and the fixed input. Given 

standard assumptions for the underlying technology^, the profit function is non-negative, 

reflecting the property of monotonicitv. as well as being convex and continuous in (w, r). 

non-decreasing in u \ non-increasing in r, and positively linearly homogenous in (w, r). 

By Hotelling's lemma, optimal output supply (q,) and input demand functions (xj) are 

obtained respectively as:

c i * 1,1 \ d f l ( u , / , r / , ^ . , —, ^ . )  . _ / ' onoxqt ( w , r , d , z  , . . . ,Z ) =  ------------------------------------  / =  1 , 2 , . . . , m  (2 . 02 )
d u-

and .v (h \ r . r / .  z ‘....,z '" ) = -  i " - 1 - -  ) /  = l , 2 , . . . . / i  (2 .0 3 )
d r j

J The assum ption is that the input requirement set is con vex , closed  and non-em pty for all r/>0 (i.e., all 
input com binations capable o f  producing output level r/).
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AH variables are as defined earlier. The output supply and input demand expressions are 

functions o f  all output prices, all variable input prices, exogenous factors and the fixed 

input.

An alternative expression o f  the farmer’s decision problem equation (2.01) is:

n ( u ’, r,cl ,z)  =  max { w c / - c ( r ,q )  : ( q , d , z l ?}  (2.04)
<1

where c{r,q) is the cost function o f  the farm enterprise and x is the technology set. Again, 

assuming standard properties for x, the cost function is non-decreasing in r and q, 

concave and continuous in r  and linearly homogenous in r. If the underlying production 

technology is assumed to be homothetic, the cost function can be written as4:

c(r ,q) = c (r )g(q)  (2.05)

where g(q)  is a function that is non-decreasing in q\ and c(r) is now the cost function 

associated with a unit output, that is,

c(r) = min{u-.v:(.v.l)e x}. (2.06)

With this technology, the profit function, n(u-,c(r),r/,x) is linearly homogenous in ir and 

c(r), and c(r) is linearly homogenous in r, that is,

n ( u ’,<r/,c,r*) = c(r)rT(vv,r/,z/c(r)) (2.07)

where r'=c(r) represents a single aggregate input price index; and n*  is a function 

homogenous o f  degree zero in the output price and the aggregate input price (Chambers 

19S8 p. 149). Thus, the profit function can be expressed as; (1) a linearly homogenous 

function o f  output prices u \ exogenous variables d , fixed allocatable input z, and a single

4 The hom othetic assum ption perm its researchers to construct aggregate price and quantity indices to study
production decision s by analysing on ly  a subgroup o f  all outputs and input (e.g .. C oy le  1993a; Lawrence 
19S9; Paris et al. 1990; Pope and H allam  19SS; Roberts 19S9; Yuhn 1991).
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aggregate input price r ;  and (b) a product of r  and n*  (Chambers 1988 p. 149; Coyle 

1993a; Pope and Hallam 19SS; Yuhn 1991). The aggregate input price m ay  be defined as 

the cost-minimizing way o f  producing q. The short run profit-maximzing output supply 

functions are a system of equations represented by:

qt (w ,r  ,d.z' , . . . ,z '") =  - — - ’ ’ ~ y i= l ,2 , . . . , / ; i  (2.08)
a w,

where qiiw.r'.d.z1 z!") is the profit-maximizing output supply o f  the /lh farm

commodity. The above model expresses output supply as a function of all output prices, a 

single aggregate input price, the exogenous factors and the fixed input. An expression for 

the effect of a change in output price is:

d z fT(iv,r '  .cl, z) dq ,  (u \  r \ c l ,  z)
d wtd u-’; d Wj

(2.09)

The above formulation expresses a change in output supply induced by a price change 

(partial effect), ignoring the effect o f  the change in allocatable fixed input, z (indirect 

effect). It assumes that allocation o f  a fixed input such as farmland is independent of 

output prices which implies that the shadow price or marginal value of land is 

independent o f  output prices.

2.3.2 Modelling Fixed Allocatable Input

Chambers and Just (19S9) suggest that when there is a fixed allocatable input 

such as farmland, an equivalent approach for obtaining the multi-output profit function is 

to choose the fixed allocatable farmland to maximize the profit function, that is:

n ( u \ / - \ c / , z )  =  max | n ( w , r ' , r / , z

20
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Equation (2.10) is the profit function associated with an optimal allocation o f  the fixed 

allocatable input. Given the standard assumptions concerning technology, this function is 

also convex and continuous in (u\ /-), non-decreasing in w, non-increasing in r, and 

linearly homogenous in (w, r). If an interior solution ( z' > 0 )  to (2.10) exists for all f, the 

envelope theorem and Hotelling’s lemma give:

decomposition o f  output response to price changes that illustrates the importance of the 

effects of output price changes on farmland values. Based on (2.10), the effect of output 

price change may be specified as:

where refers to supply and k = l , . . . , s  refers to reallocated fixed input such as

farmland. Horbulyk (1990) and Chambers and Just (19S9) refer to the expression on the 

right side of (2.12) as the “total” effect of a price change. The expression may also be 

termed the “complete” effect of a price change. The first part expresses the change in 

supply induced by the price change (partial effect) holding the allocatable fixed input 

constant. The second part expresses the change in supply associated with reallocation of 

fixed input in response to the price change (indirect effect). Chambers and Just (1989)

5 The envelope theorem applied here makes use o f  the fact that the first order conditions o f  equations (2.04) 
and (2 .10 ) always hold with equality at the optimal values o f  q;.
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m
)

= <r/(. (u ' , r* , r f ,z 1 

d f l  ( w , r ' , cl,

m
)

)

(2 .11)

where z'  is the optimal fixed input allocation3. The formulation above offers a

d r / , ( " \  /■*, cl, z)
d u-

(2 . 12)
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refer to the partial effect as the compensated effect (compensated for the induced fixed 

input change). The term in brackets is obtained from the first-order conditions of (2.10) 

with respect to z' since the profit function contains the optimal fixed input allocations.

Diewert (1974), and Khatri and Thirtle (1996) suggest that land is a short run 

constraint on production. Therefore, in the long run, the effect o f  land is relaxed and the 

shadow value o f  land is obtained by differentiating the profit function with respect to 

land. Hence the shadow value of land is interpreted as the marginal change in profits for 

an increment in land, or as the imputed rental value o f  an additional unit o f  land (Khatri 

and Thirtle 1996). In equilibrium, the shadow prices o f  optimal allocated farmland are 

equalized, that is:

0 r i ( iv , r  , r / ,z )  _  d n(n\r \ d , z )
d z k _  d z l (2.13)

= r_(u \r ’,d ,  z) k = l,...,s

where rz(.) is the equilibrium shadow price of farmland allocation. From the above 

expression, the change in supply associated with reallocation of fixed input in response to 

the price change can be obtained.

2.3.3 Input Non-jointness

The concept o f  input non-jointness is important in supply response models 

because it enhances econometric simplicity by implying that either the cost function 

c(r.ry) or the profit function n(uy\r/,~) can be modelled by their single-enterprise 

counterparts with no loss of generality (Chambers 19SS, p. 293). This implies that both 

the profit and cost functions of a multi-output enterprise are the sum of the m enterprises, 

that is:
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m

n o , r, cl, z) =  max {wq  -  Y c' (r , q ; ) }
* ,=i

in
= J  m a x  {w -ch  ~ c ‘ ( r ' ch )}  (2 -14 )

*=t
m

/=i

Input non-jointness derives from aggregation across farm enterprises. From (2.14), when 

z is truly fixed, Ball (1988) and Moschini (1988) show that input non-jointness implies:

3 2 n O \ r \ r / , z )  _  d q t (™,r ,cl,z)
d W'd Wj d Wj

= 0 (2.15)

Equation (2.15) can be used to test non-jointness in production. However, given (2.12), 

the use of (2.15) to test non-jointness is inappropriate. Chambers and Just (1989) show 

that where c is an allocatable Fixed input, the appropriate test for non-jointness in 

production is:

d q , ( w . r \ c L z )  • - , •

U'y

dq , ( u , i  . c / . ^  _  o (2.16)
dz't

3/-.(w, r , cl, z)
d z ‘k

The hypothesis o f  non-jointness am ong various farm enterprises in western Canada can 

be tested in a straightforward manner using (2.16).

2.4 Em pirical Specification

The first step in formulating the empirical model is to choose an appropriate 

functional form to parameterize the profit function of (2.04). Using the envelope theorem 

as applied in (2.11). supply functions can be obtained. These supply functions are
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estimated together with the first order conditions for an optimal fixed input allocation 

from equation (2.13). The inclusion o f (2.13) in the estimation process suggests a long 

run framework since the allocation o f  farmland is not fixed (Diewert 1974; Khatri and 

Thirtle 1996)6. Such a formulation permits the examination of the long run production 

structure o f  prairie agriculture and the extent o f  interrelationships among crop and 

livestock enterprises. More importantly, the total effect of a price change including 

reallocation of  farmland among farm enterprises can be examined.

As noted earlier, this study employs duality formulations as described above to 

examine the production of wheat, barley, canola, slaughter cattle and hogs in western 

Canada, i.e., in the provinces of Manitoba, Saskatchewan, Alberta and British Columbia. 

The fixed allocatable input considered here is farmland, which is allocated to wheat, 

barley, canola, summer fallow and tame hay. The functional form used in the study is the 

Generalized Leontief profit function (Diewert 1974) which is a second-order Taylor 

series expansion, linear in parameters and imposes few maintained hypotheses. The. 

Generalized Leontief function has quantity as the dependent variable which allows easy 

implementation and interpretation of results, especially when model specifications are to 

be used for policy analyses (Martin and Alston 1994). The function is convenient for 

examination o f comparative statics and imposing and testing theoretical restrictions. The 

Generalized Leontief function also allows explicit solutions of shadow values for the 

allocatable farmland. Other functional forms that have the expenditure share as the 

dependent variable (e.g., the translog function) do not allow this. An explicit solution of

6 W hen farmland is truly fixed and not allocatable betw een  crops or land uses (i.e ., in the short run), only  
the system  o f  supply functions o f  (2.0S) is estim ated.
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the shadow value for farmland is particularly important in this study because one  o f  the 

study objectives is to assess long run adjustments in farmland use.

In spite of these advantages, the Generalized Leontief functional form has some 

limitations. It imposes assumptions with respect to quasi-homotheticity of the production 

technology (Chambers I9S8, p. 173-177: Lopez 1985)7. A quasi-homothetic technology 

has straight-line expansion paths such as a homothetic technology except tha t these 

expansion paths do not emanate from the origin. The assumption of quasi-homotheticity 

is necessary in permitting the construction of aggregate price and quantity indices to 

study production decisions by analysing only a subgroup of outputs or input. In this 

study, the primary focus is on farm output. Therefore, the demand for individual variable 

farm inputs is not considered in the modelling procedure. The quasi-homotheticity 

assumption allows the use of a single aggregate input price index as a numeraire in the 

model. The numeraire price index is used to normalize the prices in the model, thereby 

imposing homogeneity.

Following Shumwav and Lim (1992), and Villezca-Becerra and Shumway (1992) 

the Generalized Leontief profit function of the four-crop and two-livestock farm 

enterprise with optimal farmland allocation is represented as follows:

5 5 3 5 5

(2.17)

where /7  = profit for the farm enterprise divided by an input price index;
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vv, = price of the output divided by an input price index, and indexed i.j = 

to represent the production o f  wheat, barley, canola, cattle and hogs respectively;

Zk =  allocated farmland, and indexed k,l =  to represent hectares o f  wheat,

barley, canola, tame hay and summer fallow respectively; and

clt =  quasi-fixed/exogenous factors, and indexed t,u = to represent cattle

inventory, hog inventory and interest rate respectively. The rationale for including 

livestock inventories is that managers of livestock farms make production decisions 

involving livestock numbers, quality standards and weight produced per head. Therefore, 

production is the result o f  previous resource commitments and biological factors 

(Horbulyk 1990: Marsh 1999).

The first order conditions o f  equation (2.17) with respect to output prices give the 

short run output supply functions:

an . a, ^  H-f <

U ' ,  1 1 ,  J  = z  k = l  f = l

Based on (2.13), the first order condition of (2.17) with respect to Zk gives the long run 

equilibrium market price (shadow price) of allocated farmland which is expressed as:

On R 5 (-  ■\05 5
—  = rA\i%z,en=—^ + P t t + ^ P u ~ :T+ ^ tltd t t + ' ^ d u w i k * l  (2.19)
~! l - l l  1=2 U)! „=| y=I

Parameters from the models are obtained by estimating (2 .IS) and (2.19) together as a 

system o f  seemingly unrelated regressions. As alluded to earlier, inclusion o f  (2.19) in the 

estimation process suggests a long run framework since farmland is not fixed. The system

7 This is a general lim itation o f  flexib le functional forms. Cham bers (19SS, p. 173-179) provides a thorough
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is made up of six equations that includes supply equations for wheat, barley, canola, 

slaughter cattle, and hogs and one equation for optimal land allocation8.

Economic theory o f  the firm requires that the properties o f  the profit function be 

satisfied. These are monotonicity, symmetry, and homogeneity and convexity in output 

prices. Monotonicitv implies producers do not accept negative profits, which requires that 

the dependent variables fitted with the estimated coefficients be positive ( q t > 0 ) .  The 

convexity property requires that all estimated own-price effects be positive (cq. > 0  ). The 

properties of homogeneity and symmetry are imposed during estimation but the 

properties of monotonicity and convexity are tested after the estimation. Tw o major 

issues are examined in the study. The first is the evaluation o f the partial effect o f  price 

changes on producers’ response in terms o f the production o f wheat, barley, canola, cattle 

and hogs and assuming farmland allocation is unchanged. The second is the evaluation of 

the total effect of price changes on production of wheat, barley, canola, cattle and hogs 

that includes the effect of price changes and reallocation o f  farmland.

2.5 D ata  R equirem ents

Data required for estimating the models outlined above include production 

quantities and prices of wheat, barley, canola, slaughter cattle and slaughter hogs; area 

allocated to wheat, bariev, canola, tame hay and summer-fallow; cattle and hog 

inventories; and the Canadian commercial interest rate, a proxy for the price o f  capital. A 

complete description of variables and data sources is provided in Table 2.1. The data

d iscussion  concerning the lim itations o f  flexib le functional forms.
s From equation (2 .13). the sh adow  prices o f  optim al allocated farm land are equalized thus, on ly one  
equation is required which is sp ec ified  for wheat because it is the dom inant crop.
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series used in the study were scaled by their respective means because the data series 

vary significantly from each o ther in terms of values. For example, annual data series on 

commodity production and acreage allocations are expressed in millions, prices are 

expressed in hundreds and tens, and interest rate is expressed in decimals. Scaling of the 

data series by the respective means ensures uniformity in the data set (Coyle 1993b).

Statistics Canada provided most o f  the required data. This includes production 

estimates of wheat, barley, and canola in western Canada. For livestock, Statistics Canada 

provided estimates o f  national production, not regional production. However, Agriculture 

Canada provided regional marketings o f  slaughter cattle and hogs. Production of 

slaughter cattle and hogs in western Canada is obtained by converting total marketings in 

heads into tonnes using an estimated national conversion rate. The rationale behind this 

conversion is that carcass weight for slaughter cattle and hogs in Canada has changed 

over the years, probably from improvements in animal genetics and feeding technology 

(see Figures 2.1 and 2.2). In the U.S.. changes in animal genetics and feed nutrition have 

resulted in heavier carcasses and higher carcass yields (Bresteret al. 1997). This suggests 

that beef and pork supplies are now more dependent upon livestock productivity. 

Consequently, the average national carcass weight for Canada is calculated and applied to 

total livestock marketings in western Canada from I960 to 1997.

The value o f farmland in Saskatchewan is used as a proxy for the equilibrium 

price (shadow price) of allocated farmland. There is high correlation between the value of 

farmland in Saskatchewan and that in Manitoba and Alberta. The correlation coefficient 

between farmland values in Saskatchewan and Manitoba is 0.95; between farmland 

values in Saskatchewan and Alberta is 0.97; and between farmland values in Manitoba
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and Alberta the correlation coefficient is 0.99. A la rger percentage o f  crop production 

occurs in Saskatchewan than in any other western province.

Grain prices are specified to be the prices received by western Canadian farmers 

for selected grain o f  specified grades (Table 2.1). C ano la  price series were obtained from 

Statistics Canada and Canadian Grains Council with different time lengths. A procedure 

using linear regression is applied to obtain the series that is used in the study (see 

Appendix 2a). For livestock, prices in Alberta are used  because a larger percentage of 

livestock production in western Canada occurs in that province. Cattle prices are assumed 

to be represented by slaughter cattle price in Lethbridge and southern Alberta where there 

ais relatively large concentration of cattle production. For hogs, the average price for 

Alberta is used. Definitions and sources of other variables used in the study are provided 

in Table 2.1.

2.6 Estim ation Procedure

A common problem with estimating a system of equations for commodities is 

multicollinearity among price variables. Researchers have often addressed this problem 

by adopting extremely restrictive functional forms an d  arbitrarily omitting some price 

variables (e.g., Burt and Worthington 19SS; Shumway et al. 1987). This type o f  a d  hoc 

approach may ignore many cross-price effects. A better approach to minimize the 

problem of multicollinearity among prices may be to adopt restrictions on coefficients 

implied by behavioural theory, such as symmetry conditions. Alternatively, specifying 

supply response models in terms of revenues per acre ra ther than prices m ay  reduce the 

problem (e.g., Bewley et al. 1987: Coyle 1993b). The reason for adopting this type of
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specification is that revenues per acre for different crops are often less correlated than are 

crop output prices. Alternatively, one o f  the price variables could be used to scale the 

other price variables to minimize multicollinearity (e.g., Coyle 1993b). This study uses 

commodity prices and imposes restrictions on coefficients implied by the symmetry 

conditions. Moreover, the Generalized Leontief function that is used for the model 

specifications incorporates price ratios (scaled prices) which will minimize the problem 

of multicollinearity.

The four-crop and two-livestock supply model (equations 2.18 and 2.19) for 

western Canada is specified using annual data for the region from 1960 to 1997. 

Dependent variables in equation (2 .IS) are annual production figures, in tonnes, for the 

six commodities from 1960 to 1997°. In equation (2.19), the dependent variable is the 

shadow price of farmland. Explanatory variables in the system are the price per tonne of 

wheat, barley, canola. slaughter cattle, and slaughter hogs; acreage in hectares seeded to 

wheat, barley, canola. and tame hay; area allocated to summer-fallow; cattle and hog 

inventories; and interest rate from I960 to 1997. The interest rate is used as a proxy for 

the price o f capital.

The empirical formulation outlined in section 2.4 is based on farmers’ expected 

prices o f  commodities. However, Pope (19S2) contends that under risk neutrality, all dual 

properties o f  profit maximization that apply in the certainty case for ex ante choices also 

apply to expected profit maximization in the uncertainty case, so that expected prices can 

be substituted b y  presumed known prices. Thus, for wheat and barley, the average of

9 W hile estim ation o f  supply relationships has been conducted using acreage planted to crops and livestock  
numbers as dependent variables, other studies have em phasized production (e .g .. Arzac and W ilkinson  
1979; Cham bers and Just 19S9; Clark et al. 1992; C oyle 1993a; H ayenga and Hacklander 1970; 
Kulshreshtha and Reimer 1975; Shum w ay et al. 19S7).
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prices in the previous two years is used as a proxy for expected price. For canola, one- 

year lagged price is used for expected price. Livestock prices are current prices.

The process o f  normalization maintains global homogeneity. That is, the profit 

function and supply equations are homogenous of degree zero in all prices as each price 

is divided by an aggregate input price index. A proportionate change in all prices thus has 

no impact on optimal production quantities. The second partial derivatives o f  the profit 

function are invariant to the order of differentiation so that the commodity supply 

equations are symmetrical in normalized prices (i.e., Gf,y=C£,- for tej). Symmetry conditions 

are imposed during estimation. The disturbances in (2.18) and (2.19) are linearly 

dependent because, from the empirical formulation, acreage allocation is not a 

predetermined variable since it varies with price changes. Moreover, cattle and hog 

inventories are considered as endogenous variables. All data used are from secondary 

sources and may have some errors in the measurement. Thus, all the model specifications 

are estimated as a system of equations using the iterative three-stage least square (3SLS) 

regression techniques o f  the ‘"SHAZAM” software program (Judge et al. 198S p. 650: 

Kennedy 1992 p. 161-162: White 197S). The Canada-U.S. exchange rate, U.S. com  and 

U.S. soybean prices are used as instrumental variables in addition to the explanatory 

variables in the system o f  equations.

Non-jointness in production is tested using equation (2.16) to verify whether 

production of commodities is independent of one another. Four tests are performed. First, 

non-jointness in production of all enterprises is tested in each supply equation. Second, 

non-jointness in production of the 3-crop enterprises is tested in each of the crop 

equations. Third, non-jointness in production o f the 2-livestock enterprises is tested in
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each of the livestock equations. Finally, non-jointness in production between barley and 

hogs is tested in both the barley supply and hogs supply equations.

2.7 Results and Discussion

2.7.1 Model  Diagn osties

A common econometric problem associated with the use of time series data in 

applied econometric work is spurious regression resulting from trending variables 

(Dickey and Fuller 1979). For example, if two variables both trend upward, a regression 

of one on the other is likely to find a “significant” relationship between them, even if  the 

only thing they have in common is the upward trend. In this case, the results o f  such 

studies may be o f  limited use in conducting impact analysis. Therefore, a unit root test 

(Augmented Dickey-Fuller test) was conducted for all the variables used in the 

specifications. Results from the tests are reported in Table 2.2, which that the variables 

have different structures. For example, the null hypothesis of unit root is rejected for the 

variables hay production, land price, hog/wheat ratio, hog/barley ratio, hog/canola ratio, 

canola/hog ratio and wheat acreage. These variables are said to be stationary in levels but 

the others are not.

The presence o f  non-stationary variables raises the possibility of cointegrating or 

long run relationships in the models estimated. In this study, the possibility of estimating 

actual long run relationships is not verified because the common approach to estimation 

of a system of equations involving cointegrated variables developed by Johansen (1988), 

uses differenced variables in a vector autoregression (VAR). Some differenced variables 

have negative signs and cannot be used in the Generalized Leontief model. Moreover,
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there are limitations to the use of VAR techniques regarding the number o f  variables to 

include in the cointegration test. With more than one cointegrating relation, there is 

ambiguity in the interpretation of the estimated cointegrating vectors (Johansen 1988). 

Each o f  the estimated models in this study involves 13 variables. An alternative to 

differencing the data is the use of price ratios to estimate a system of equations involving 

cointegrated variables. The Generalized L eontief function used for the model 

specifications incorporates price ratios.

The estimated coefficients, values o f  R-squared, variance o f  estimates and 

Durbin-Watson statistics are presented in Table 2.3. To gain insight into the statistical 

properties o f  the estimated models, scrutiny o f  the measure of R-squared values indicates 

a reasonable fit. This R-squared is not the goodness-of-fit measure which is calculated as 

one minus the ratio o f  the residual variance over the variance of the left-hand side 

(unexplained portion o f  the total variance) l0. Rather, it is a measure between observed 

and predicted dependent variables (White 1993 p. 12). R-squared values range from a 

high o f 0.99 for the canola production equation to a low of 0.S6 for the wheat production 

equation. The Durbin-Watson statistics, which measure the presence o f  first-order 

autocorrelation in the models, are also reasonable, suggesting autocorrelation is not a 

problem in these models.

Homogeneity and symmetry were imposed during estimation, but monotonicity 

and convexity in prices were not. Monotonicity requires that all dependent variables 

fitted with the estimated coefficients be positive. All estimated models at every  data point 

satisfy monotonicity. This implies that producers do not accept negative profits and that

10 In 3SLS estim ation the good n ess-o f-fit measure o f  R -squared is not well defined (Berndt 1991. p. 46S; 
Judge et al. 19SS p. 650).
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there is no negative supply. Positive own-price elasticities are necessary conditions for 

satisfying the property of convexity. This condition is also satisfied in all the models and 

is consistent with the fundamental property o f  supply that supply increases with an 

increase in price.

2.7.2 Estimation Results

In interpreting the results it should be noted that data were scaled by the 

respective means, so that, some coefficient estimates m ay  be interpreted as partial 

elasticity measures, evaluated at the respective means. This applies specifically to 

acreage allocations, cattle numbers, hog numbers and the interest rate. The formulation 

for calculating partial elasticity of supply with respect to changes in own-price is 

presented in Appendix 2b. For ease o f  interpretation, estimated coefficients are reported 

in Table 2.3 and estimates o f  the partial elasticities are reported in Table 2.4. Table 2.5 

compares some partial elasticity estimates from this study to estimates from selected 

studies o f  supply response for western Canada. Total elasticity estimates based on the 

expression in equation (2.12) are reported in Table 2.6.

As expected, the supply of each of the commodities has a positive relationship 

with own price. From Table 2.3, the parameter estimate for wheat price in the wheat 

equation is 0.037. the parameter estimate for barley price in the barley equation is 0.183, 

and the parameter estimate for canola price in the canola equation is 0.212. For livestock, 

the parameter estimate for slaughter cattle price in the slaughter cattle equation is 0.320, 

and the parameter estimate for slaughter hog price in the hog equation is 0.124. The 

positive signs confirm the convexity property of the profit function from which the
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supply functions were derived. They also reaffirm the fundamental property of supply 

that the commodity supply curves are upward sloping.

2 .7.3 Partial  Price Responsiveness

Table 2.4 reports the estimated partial elasticity measures for the economic 

variables. All own-price elasticity measures have a positive sign as expected. Estimated 

own-price elasticities are 0.449, 0.49S, 0.064, 0.123 and 0.830 for wheat, barley, canola, 

cattle and hog production respectively, and estimates for barley and hogs are 

asymptotically significant at a 5% level. This implies that, in the long run, farmers 

respond positively to changes in barley and hog prices by altering production accordingly 

and that the supply functions for these commodities are positively sloped. Hog 

production is the most price-elastic among the five commodities. This appears to be a 

reasonable finding, since annual data are used and the hog cycle (from birth to market) is 

about 12 to IS months. Consequently, inventory o f  animals can be reduced readily with 

high market prices within this time frame. Cattle production has a longer cycle, about 3 to 

31/2 years and inventory reduction may not be readily accomplished as with hogs. Thus, 

the estimated elasticity o f  cattle supply of 0.123 appears reasonable.

Cross-price effects among the commodities have signs that are reasonable and 

reflect cropping patterns in western Canada but most estimates are not statistically 

significant asymptotically. Hog production is positively related to wheat, barley and 

canola prices. Estimated elasticities of hog production with respect to changes in wheat, 

barley and canola prices are respectively, 0.294, 0 .24 and 0.209 (Table 2.4). Estimates of 

hog production with respect to wheat and barley prices are statistically significant. Since
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hog production is expressed as pigs m arketed in western Canada, the positive relationship 

suggest that as grain/oilseed prices increase, there is an increase in the number of pigs 

marketed. Wheat is a minor com ponent o f  livestock feed but barley and canola meal are 

major feed components, so that increasing grain/oilseed prices can imply increasing feed 

cost. Profit maximizing hog producers will probably reduce inventory by marketing more 

animals if  there are increasing costs o f  production. This argument m ay not be applicable 

to cattle because o f the relatively long  cycle.

W heat production and barley production appear as substitutes in production with 

canola production. The estimated parameters on canola price in the wheat and barley 

production equations are -0.054 and —0.151 respectively. Wheat (barley) production has a 

positive relationship with barley (wheat) price, indicating complementarity in production. 

Though the estimated cross-price elasticities for these crops are not statistically 

significant, the signs on the estimates reflect the cropping pattern in western Canada. In 

the 1970s, 19S0s and 1990s, wheat production averaged 13.9, 19.7 and 22.3 million 

tonnes respectively. Barley production in the same periods averaged 9.8, 11.1 and 11.8 

million tonnes while canola production averaged 1.8, 2.5 and 4.1 million tonnes. From 

these figures, wheat, barley and cano la  production increased, on the average, by about 

60%, 20% and 12S% respectively from the seventies to the nineties, reflecting the 

increasing popularity of canola production among fanners during this period. 

Comparison o f the increase in production since the 1970s suggests increasing substitution 

of wheat and barley production with canola production. Scrutiny o f  the elasticity 

estimates o f  commodity production with respect to acreage allocations confirms this

36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



trend o f  cropping. Supply elasticities with respect to acreage allocations are discussed in 

a later section.

Comparison o f the partial supply elasticity measures with those from previous 

studies is difficult because of different variable definitions, time periods and model 

specifications. However, Table 2.5 provides both the partial price elasticity measures 

estimated in this study and those obtained in selected studies o f  supply response of 

western Canadian farmers. In terms o f absolute values, own-price elasticity estimates 

from previous studies are quite different from those estimated in this study. For wheat, 

barley and canola, estimates from Meilke and W eersink (1991) are relatively larger than 

estimates from this study. For livestock, estimates from this study and that from Coleman 

and Meilke (19SS) suggest cattle supply is price-inelastic while hog supply is relatively 

price-elastic. In Table 2.5, cross-price elasticities for wheat and barley indicate a 

complete contrast in results in terms o f  signs. Both Coyle (1993b) and Meilke and 

Weersink (1991) find wheat and barley to be substitutes in production. In this study, 

wheat and barley are found to be complementary in production. The difference might be 

due to differences in time periods and model specifications. The dependent variable in the 

specifications in Coyle (1993b) and Meilke and W eersink (1991) are seeded area rather 

than production, as in this study. The data period also varies (Table 2.5). Nevertheless, all 

three studies find wheat/barley and canola to be substitutes in production.

2.7.4 Partial Responsiveness to Non-Price Variables

From  Table 2.4, the acreage allocation to wheat, barley and canola are positively 

related to the production of wheat, barley and canola; 0.589, 1.17 and 0.842 respectively.
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The estimates for barley and canola are statistically significant asymptotically. These 

findings are expected since crop production depends on acreage planted.

Regarding the effects o f  cross-acreage allocations, signs on the elasticity 

estimates are mixed. For example, the estimate on acreage seeded to barley is positive 

(0.271) in the wheat production equation but the estimate on land allocated to wheat in 

the barley production equation is negative (-0.247). However, there is consistency in the 

sign on estimates on cereal grain (wheat and barley) production with respect to acreage 

allocation to canola. The supply elasticity o f  wheat with respect to canola acreage 

allocation is -0 .231 , and the supply elasticity o f  barley with respect to acreage allocation 

to canola is -0 .171 . Both estimates are statistically significant, which reaffirms the 

substitutability between grains and canola production indicated earlier. Farmland 

allocated to summer-fallow is negatively related to the production of wheat, barley and 

canola. The estimates are negative and statistically significant asymptotically with values 

o f -0 .869 , -0.684, and -0.S respectively. This result probably reflects competition among 

crop enterprises and the farming practice of summer-fallow for farmland. Acreage 

allocated to tame hay is positively related to the production of wheat, barley and canola.

For livestock, cattle production is positively related to cattle inventory with an 

estimate o f  0.658 and hog production is positively related to pig inventory with an 

estimate o f  0.14S (Table 2.4). The estimate of cattle inventory is statistically significant 

asymptotically. Cattle production also appears positively related to acreage allocated to 

tame hay acreage but negatively related to acreage allocated to wheat, barley, canola, and 

summer-fallow. This result is expected since hay production is a major component of 

cattle production enterprises in western Canada. The estimate o f  cattle production with
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respect to tame hay acreage is 0.347. Hog production appears positively related to area 

allocated to barley and tame hay with estimates of 0.35 and 0.843 respectively (Table 

2.4). The production of hogs is, however, negatively related to acreage allocated to 

wheat, canola, and summer-fallow. The effect of interest rate (the price of capital) on 

commodity production is quite low on all commodities with estimates ranging from — 

0.009 to 0.011. All estimates are statistically insignificant asymptotically.

2.7.5 Total Price Responsiveness

The total elasticity measure expresses the change in supply induced by a price 

change as well as the change in supply associated with reallocation of farmland in 

response to the price change (see Appendix 2b). Total elasticity measures of price 

changes on production are repotted in Table 2.6. Out of the 25 estimated elasticity 

measures, 9 are deemed asymptotically significant. AH own-price elasticity measures 

have signs that are consistent with the results reported in Table 2.4. These own-price 

elasticity measures of production, shown on the diagonal of Table 2.6, have positive 

signs. A positive total own-price elasticity implies that production increases in response 

to increases in price, even when land allocations are allowed to change. The production 

of wheat and hog production is price-elastic in terms of total effects. Hog production is 

the most price elastic in production among the five commodities with a total own-price 

elasticity measure o f  1.204. Canola production is the least elastic in production with a 

total own-price elasticity measure o f  0.614. Canola production is also found to be the 

least elastic among the partial own-price elasticity measures in Table 2.4. In terms of the 

size of own-price estimates, total own-price elasticity measures are larger in size than are
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the partial own-price e lastic ity  measures reported in Table 2.4. For exam ple, the partial 

and total own-price e lastic ity  measures for w heat are 0.449 and 1.058 respectively; 

barley, 0.498 and 0.741 respectively; canola. 0.064 and 0.411 respectively; cattle, 0.123 

and 0.614 respectively and hogs, 0.S30 and 1.204 respectively.

Regarding total cross-price  elasticity measures, there are no prior expectations in 

term s o f signs (see form ulations in Appendix 2b). As a theoretical and em pirical issue, 

elasticity  measures can be positive o r negative. In T able 2.6, m ost com m odities appear as 

com plem ents in production. There are positive total cross-price elasticity measures, 

except for wheat production w ith  respect to canola price.

2 .7 .6  Tests o f  N on -jo  into ess in Production

Various tests of non-jointness in production are perform ed using equation (2.16). 

Non-jointness in production im plies that both the cost and profit functions o f the m ulti

com m odity enterprises are the  sum of the single-com m odity cost and profit functions 

(Cham bers 19SS. p. 293). H ence, the test of non-jointness may be regarded as a test o f 

independence in production (null hypothesis). First, non-jointness is tested in the 

production of all enterprises. Then, non-jointness in production of only the three-crop 

enterprises is tested in each o f  the crop equations. T he third test o f  non-jointness involves 

production of only the tw o-livestock  enterprises and the final test involves non-jointness 

in production between barley  and hogs. Formulations for the parametric tests o f non- 

jo in tness are presented in A ppendix 2c. Results o f these tests are reported in Table 2.7. 

The second, third and fourth tests o f non-jointness are more intuitive and are com m ented 

on below.
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C onsistent with Shum w ay et al. (19S7), jo in t production o f grains and oilseed is 

evident from  the second test. The hypothesis o f non-jointness o f production o f  wheat, 

barley and canola is rejected at the 5%  level in each o f  the crop equations (Table 2.7, 

column 3). This implies that the production o f individual grains/oilseed in western 

Canada is not independent o f  one another. Jointness in production of the three crops 

wheat, barley and canola may be due to technical interdependence and/or to the presence 

of allocatable farmland or rotational limitations. All three crops are commonly planted on 

the same farm in a given year in western Canada. Thus, they often compete for the same 

land, labour and managerial resources. Differences in the relative importance o f technical 

interdependence and allocatable inputs may result in the nature o f the econom ic 

interdependence between any pair o f production activities being either com plem entary or 

com petitive in production (Shum way et al. 19S7).

The null hypothesis o f non-jointness in the production o f cattle and hogs is not 

rejected at the 5%  level in any o f the livestock equations (Table 2.7, column 4). Non- 

jointness in production of cattle and hogs may be due to technical independence in the 

production process. In western Canada, cattle production and hog production are 

independent as each production process requires different husbandry and managerial 

skills. The null hypothesis o f non-jointness in the production o f barley and hogs is 

rejected at the 5%  level suggesting that barley production is not independent o f  hog 

production. That seems to suggest that the barley and hog industries are closely tied 

together.
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2.8 Summary and Conclusions

The objective o f this section of the study was to specify and estim ate the supply 

response of western Canadian agriculture. T he study examined a m odel o f three crop 

(wheat, barley and canola) and two livestock activities (cattle and hogs) which 

incorporated farm land allocation in the production o f wheat, barley, canola and tam e hay, 

as well as land allocation to summer-fallow. Previous regional studies have ignored 

farmland allocation to tame hay and sum m er-fallow  in their analyses and have not 

exam ined the crops and livestock sectors sim ultaneously. Supply functions derived from 

the Generalized Leontief profit function were specified and estim ated sim ultaneously for 

the crops and livestock sectors using annual data from I960 to 1997. The study assessed 

the extent of substitution/complementarity in production among the five com m odities and 

the effects o f price changes on production resulting directly from changes in price as well 

as indirectly from farm land reallocation. The statistical and economic implications o f the 

models were assessed.

The results indicate significant econom ic interrelationships in the western 

Canadian agricultural sector. The partial and total effects of price changes on production 

are examined and these results show that the quantity supplied o f each o f the 

commodities exam ined is positively related to its own price. Hog production is the most 

price-elastic among the five commodities exam ined suggesting that inventory of animals 

can be reduced readily for slaughter with high m arket prices. Canola production is the 

least price-elastic. W heat production and barley production appear as com plem ents but 

canola production appears to be a substitute to w heat production. H og production is 

positively related to the prices o f wheat, barley and canola. Cattle production is positively
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related to the price o f barley. A  chi-square test o f non-jointness in production indicates 

jo in tness in the production o f grains and oilseeds, non-jointness in the production o f 

cattle and hogs and jointness in the  production o f hogs and barley. These findings o f  

com plem entarity and substitution provide insights into the potential effect o f increased 

value added activities in the processing sector on the farm sector. We also gain insights 

into the potential effects that changes in the econom ic conditions o f one com m odity m ay 

have on other commodities.

Future research on estim ation o f western Canadian com m odity supply functions 

may improve the present study in a num ber o f ways. First, it may be desirable to expand 

the num ber o f commodities for study. Though the five commodities exam ined in the 

present study are considered to be m ajor com m odities, several other com m odities are 

increasingly becoming popular, particularly  ‘speciality crops.’ Second, the specification 

and inclusion o f input dem and functions for agricultural inputs such as chem icals, 

m achinery, and labour may im prove the specification and estim ation o f the m odels 

overall.

43

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 2.1: Canadian Slaughter Cattle N um bers and

Average C arcass W eight (1960 to 1997)
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Figure 2.2: Canadian Slaughter Hogs N um bers and

A verage Carcass W eight (1960-1997)
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Table 2.1: Farm Sector Variables: Definition and Sources o f Data (1960-1997)1

Variable Definition Source

Wheat production Product o f yield per hectare and 

area harvested in hectares.

CANSIM D 216079 & D216083

Barley production Product o f yield per hectare and 

area harvested in hectares.

CANSIM D216204 & D216208

Canola production Product of yield per hectare and 

area harvested in hectares.

CANSIM D216577 & D216581

Slaughter cattle 

production'

Cold dressed weight equivalent of 

slaughter cattle.

Livestock Market Review and 

CANSIM D226062

Slaughter hogs 

production2

Cold dressed weight equivalent of 

slaughter hogs.

Livestock Market Review and 

CANSIM D226377

Farmland Price Farmland values Farm Credit Corporation. Regina 

(Saskatchewan)

Wheat acreage Area seeded in hectares. CANSIM D 216055 & D216059

Barley acreage Area harvested in hectares. CANSIM D2161S3 & D2161S7

Canola acreage Area seeded in hectares. CANSIM D216565 & D216569

Summer-Fallow Summer-fallow areas in the 

prairie provinces.

CANSIM D 216740

Tame Hay Area seeded in hectares. CANSIM D216635 & D216639

Beef cattle inventory Total beef cattle numbers from 

annual livestock surveys.

D226005, D226008, D226014, 

D226017, D226023, D226026, 

D226032, D226035

Pig inventory Total number of pigs from annual 

livestock surveys.

D236796, D2367S2, D236810, 

D236824

Wheat price 1 CWRS Final realised price (S) Canadian Grain Council

Barley price 1 CW Final realised price (S) Canadian Grain Council

Continued on next page
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Table 2.1 continued

Variable Definition Source

Canola price Weighted average price (see 
Appendix 2a)

CANSIM D 216583 & Canadian 
Grain Council

Slaughter cattle priceJ Weighted average price 

(Lethbridge /  Southern Alberta)

Livestock Market Review

Slaughter hogs price Weighted average price 

(Edmonton /  Alberta)

Livestock Market Review

Farm input price index Aggregate input price index for 

western Canadian agriculture

CANSIM D 641800

Interest rate 90-day commercial paper rate Bank o f Canada

Exchange rate The equivalent of Canadian dollar 
to one American dollar

Bridge Information Systems, 
Chicago.

Corn price No. 2 Yellow. Cash Basis — 
Chicago
No. 1 Yellow. Cash Basis -  
Central Illinois

Bridge Information Systems, 
Chicago.

Soybeans Bridge Information Systems, 
Chicago.

The data series are presented in Appendix 2d.
Total Canadian beet'(pork) production divided by total Canadian slaughter cattle (hogs) gives the average 
weight per animal. B eef (pork) production in Western Canada is obtained by multiplying the average 
weight per animal by total slaughter cattle (hogs) in Western Canada.

J Slaughter cattle (hog) prices are quoted in S/cwt. (100 lb. weight). This is converted into S/tonne.
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Table 2.2: Unit Root Tests

V ariable
T est

sta tistic

N um ber  

o f  lags
Variable

Test

statistic

N um ber  

o f  lags

W heat production -2.62 2 Canola/cattle price ratio -2.11 5

Barley production -2.79 1 Hog/cattle price ratio -2.42 2

Canola production -1.26 5 Hog price -1.95 3

Cattle production -1.40 0 Wheat/hog price ratio -3.05 4

H og production -3.45* 0 Barley/hog price ratio -2.64 5

Land price -3.5S' I Canola/hog price ratio -3.34* 2

W heat price -1.7 L 2 Cattle/hog price ratio -2.37 2

Barley/wheat price ratio -2.79 5 Wheat acreage -2.36 0

CanoIaAvheat price ratio -2.72 5 1 Barley acreage -2.71 0

Cattle/wheat price ratio -2 .2 1 2 Canola acreage -2.S1 2

H og/wheat price ratio -3 .25' -I Fallow -2.23 1

Barley price -I.9S 3 Tame hay -2.40 0

Wheat/barley price ratio -2.S7 5 | Cattle inventory -2.36 1

Canola/barley price ratio -2.62 5 I Hog inventory -2.S4 2

Cattle/barley price ratio -2.22 5 Interest rate -1.6S 0

Hog/barley price ratio -3.41' Wheat price -2.36 4

Canola price -1.71 j Barley price -1.00 4

W heat/canola price ratio -2.71 5 Canola price -2.00 o

Barley/canola price ratio -2.52 5 Cattle price -1.03 2

Cattle/canola price ratio -2 .IS 5 Hog price -0.S6 3

Hog/canola price ratio -3.33' 2 Wheat acreage -3.3S 0

Cattle price -1.93 0 Barley acre/wheat acre -2.33 0

W heat/cattle price ratio -2.57 0 Canola acre/wheat acre -2.76 2

Barley/cattle price ratio -2.21 5 Fallow acre/wheat acre -2.87 1

Hay acre/wheat acre -3.36 0

Indicates the value is significant at the 10% level therefore, the null hypothesis of unit root is rejected. 
Note: asymptotic critical value at 10% significance is —3.13.
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'fab le 2.3: Estim ated C oefficients o f  the C om m odity Supply R esponse M odels

VO

Dependent Variable

Wheat | barley 
Production Production

Canola
Production

Cattle
Production

Hog
Production

Farmland
Value

Intercept 
Wheal price 
barley price 
C; V, ce 
Cattle price 
Hog price 
Wheat acreage 
Barley acreage 
Canola acreage 
Summer-Fallow 
Hay acreage 
Cattle inventory 
Pig inventory 
Interest Rate

R-square
Variance of estimates
D-W statistic
a indicates asymptotic significance at the 
" indicates asymptotic significance at the

0.238 0.097 1.075" 1.957" 1.110 1.101"

0.037 0.203 -0.054 -0.031 0.294" 0.419"
0.203 0.183 -0.151 0.023 0.240 0.005
-0.034 -0.151 0.212" -0.152 0.209 -0,007

-0.031 0.023 -0.152 0.320" -0.037 0.296"

0.2941’ 0.240" 0.209 -0.037 0.124 -0.062

0.589 -0.247 -0.255 -0.609" -0.532 -1.753

0.271 1.170" 0.099 -0.241" 0.350 0.581"
-0.231" -0.171" 0.842" -0.221" -0.055 0.221
-0.869* -0.684" -0.800" -0,922" -0.712 1.139
0.839" 0.563" 0.051 0.347 0.843 -1.114"
-0.101 -0.031 0.097 0.658" -0.982" 0.724"
-0.282" -0.309" -0.185" -0.061 0.148 -0.576"

0.011 0.007 -0.005 -0.010" -0.009 0.008

0.86 0.96 0.99 0.94 0.88 0.96

0.010 0.003 0.005 0.004 0.019 0.007

1.9 2.3 2 2 1.1 1.9 1.5

5% level. 
10% level.
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Table 2.4: Estimated Measures of Partial Supply Elasticities1

Wheat
Production

Barley
Production

Canola
Production

Cattle
Production

Hog
Production

with respect to 
Wheat price 0.449 0.203 -0.054 -0.031 0.294b

Barley price 0.203 0.49S:i -0.151 0.023 0.240"

Canola price -0.054 -0.151 0.064 -0.152 0.209

Cattle price -0.031 0.023 -0.152 0.123 -0.037

Hog price 0.294b 0.240b 0.209 -0.037 0.830"

Wheat acreage 0.589 -0-247 -0.255 “  -0 609" -0.532

Barley acreage 0.271 1-170u 0.099 -0.241" 0.350

Canola acreage -0.23 Ib -0-171*1 0.S42" -0.221" -0.055
Summer Fallow -0.S69" -0.6S4a -0.800“ -0.922" -0.712

Hay acreage O.S391' 0.563" 0.051 0.347 0.S43

Cattle inventory -0.101 -0.031 0.097 0.658" -0.982"

Pig inventory -0.2S21’ -0.309b -0.lS5b -0.061 0.148
Interest Rate 0.011 0.007 -0.005 -0.010 -0.009
Partial elasticity m easures express the chance in supply induced by a change in price holding allocatable land 
constant.

J indicates asym ptotic sign ificance at the 5 9  level. 
h indicates asym ptotic sign ificance at the 10 9  level.
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T able 2.5: Com parison o f Partial Supply Elasticity E stim ates with T hose from

Selected Studies o f  Western Canadian Agriculture

This Study ; Coyle (1993b) |
Meilke & 
Weersink 

(1991)
Horbulyk

(1990)
Coleman &

: Meilke (19SS)
Sample period1 1960-1997 I961 -I9S 4 1972-I9SS 1983-19S7U 1972-1982°

Commodity
Wheat 0.449 0.159 0.617

Barley 0.49S 0.273 0.7S8
Canola 0.064 0.44S 1.546
Cattle 0.123 1.99S 0.24

Hogs 0.S30 1.36

Wheat / Barley price 0.203 -0.096 -0.196

Wheat /  Canola price -0.054 -0.006 -0.213

Barley / Wheat price 0.203 -0.062 -0.430

Barley / Canola price -0.151 -0.253 -0.209
a D ata are c ress  sectional. 
h D ata are quarterly .
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Table 2.6: Estimated Measures of Total Supply Elasticities1

Wheat

Production

Barley

Production

Canola

Production

Cattle

Production

Hog

Production

With respect to

Wheat price I.05S 0.446 0.293 0.460 0.668b

Barley price 0.210 0.741“ 0.196 0.514b 0.614b

Canola price -0.064 0.092 0.411 0.372 0.5S3

Cattle price 0.400 0.266 0.195 0.614b 0.338

Hog price 0.203 0.4S3b 0.556b 0.4SSb 1.204“

T otal elasticity  measures express the change in supply induced  by a change in price as well as a  change in allocatable 
land due to the price change.

J indicates asym ptotic significance at the 5r7r level. 
h indicates asym ptotic significance at the 10Tc level.
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Table 2.7: Chi-squared Test Results for Non-jointness in Production

Test of non-jointness (independence in production) includes

all 5 enterprises11
Only crop 

enterprises1*
| Only livestock 

enterprises11 barley and hogsd

3 statistic ^■/=n. statistic statistic PCrif=i statistic

E quation

Wheat Production 143.48 L23.41

Barley Production 328.Si 260.00 140.89

Canola Production 575.77 526.07

Cattle Production 105.45 2.56

Hog Production 50.65 2.11 11.70

Test Outcome Independence in 
production is 

rejected in each 
equation

Independence in 
production is 

rejected in each 
equation

Independence in 
production is not 
rejected in each 

equation

Independence in 
production is 

rejected in each 
equation

the critical values at the 59r level o f significance for '/S’,it=n = 22.362
b the critical values at the 5 #  level o f significance for = 19.675

the critical values at the 5 r/c level o f significance for = 7.S15
d the critical values at the o ff  level of significance for x 2./r=i = 5.991.
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Appendix 2a: Canola Price Series

Statistics C anada (CANSIM) provided a weighted average price per tonne for the 

period 1960 to 1984 (Pci) while the Canadian Grains Council (Canadian G rains Industry 

Statistical Handbook) provided cash prices (W innipeg) from 1972 to 1996 (P C2 )- The 

overlapping period  between the two series is 1972 to 1984 (13 data points). Ordinary 

Least Squares (O LS) regression of P c2 on P c 1 through the origin produced the following 

results:

P ,  =  l .U O S P , R 2 =  0.9419
(0.0165S)

Standard error o f  the estim ate is reported in brackets.

The estim ated coefficient is m ultiplied by the Pcl series from 1960 to 1971 to 

generate an estim ated price series that is consistent with the Pc2 series. The generated 

series (1960 to 1971) and the Pc2 series (1972 to 1996) are used in the study.
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Appendix 2b: Elasticity Formulations

Due to the wide variation in the values o f variables, all variables were divided by 

their respective mean values. Consequently, the mean values o f  data 1960 to 1997 are 

unity. Using equation (2.18), the partial own-price elasticity o f supply is calculated as:

0<7, w
aw,

i *  j

The partial cross-price elasticity o f supply is calculated as:

dq, Wj
»H'

The partial elasticity o f supply with respect to reallocation of farm land is calculated as:

3cl,
dz.

— —ik ~  b tk

The partial elasticity of supply with respect to changes in quasi-fixed variables is 

calculated as:

3 7, tl, 
del

Using equations (2.12) and (2.19), the total elasticity of supply is calculated as:

d < 7 , 0 v \ c , < / )  u '/
iw . 7,

d7,
3 Wj q,

+
■ t d z t q-t

—  T  
~~'j

Total Elasticity of 
Supply

Partial Price 
Elasticity of 

Supply

Partial Elasticity o f 
+ Supply with respect 

to Farmland 
Allocations

S..
% kl

Elasticity of 
Acreage 

Allocation with 
respect to Price
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Appendix 2c: Formulations for Testing Non-jointness in Production11.

1. Test for non-jointness in the production of all five com m odities involves testing

the following in each supply  equation (2.18);

a ij =  $ik = P u  =  0 V i *  j; k * l

2. Test for non-jointness in production o f grains/oilseed involves testing the

following in equation (2 .18) relating to the supply o f wheat, barley and canola;

= S . t  =  P u  = o

for i , j  =  1,2,3; k,l =  1,...,5; i ^  j \  k ^ l

3. Test for non-jointness in production of livestock involves testing the following in

equation (2.19) relating to the supply of cattle and hogs;

(Xjj = 0 for /, j  =  4,5; / ^  j

4. Test for non-jointness in production o f barley and hogs involves testing the

following in equation (2. IS) relating to the supply o f barley and hogs;

a . , = S,k = P a  =  0 for j  =  2,5; k, l  = 2; i *  j

11 The index /._/= 1...... 5 represents the production o f wheat, barley, canola, cattle and hogs respectively; k j
= 1 .....5  represents hectares o f wheat, barley, canola, tame hay and summer fallow respectively; and t,u =  
1 ,...,3  represents cattle inventory, hog inventory and interest rate respectively.
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Appendix 2d: Data Series Used for the Farm Sector Model

Year
Wlicjt

acreage
Wlicur

prtHluctiiii:
Barley

acreage
Bariev

production acreage
Canola

ptiHiuetkm
Cattle

numbers
Hog

numbers
Cattle

pnKluclkui
Hog

production
Summer
falkiw

Tain: liay 
acreage

I960 932230(1 13109300 27275(H) 4115600 308800 252200 2189 4571 320247 202179 10883 1838000
19 6 1 9253300 6749500 2194700 2353500 287500 254500 2297 5011 373637 196728 11274 2003000

1962 9269S00 13148200 2095300 3507500 150200 132900 2413 3398 335972 I8 8 I 24 11208 2070000

1963 10 H I  200 I7S2I000 2444600 4690600 193400 IS9500 2661 410S 330390 I53988 11081 2072000
1964 II0996OO 14944800 2155700 3502200 320100 300000 2907 4804 375894 187084 10748 2111000

1965 10963300 16841700 23845(H) 4518100 5807(H) 512600 2999 4112 469095 191150 i0794 2203000
1966 I 1424400 212S 57(H) 28977(H) 6168600 617100 585100 2949 4497 483825 172043 10208 2305000

1967 11479900 151292(H) 31488(H) 5177700 6617(H) 5636(H) 2901 5005 466346 209559 10501 2222(HX)

196S 10783900 16006500 3439S00 66S8000 4273(H) 441400 2795 4824 494215 217616 10789 2114000
1969 S65S700 I5578500 3630SOO 7669400 SIS2CX) 760300 2913 5493 423239 199200 11655 2240000
1970 36464(H) 6354700 3S35SOO 8447600 1643700 1646500 3219 7457 419001 25876I 14933 2702000
1971 6766100 12446200 5466300 12571900 2I6I400 2165900 3524 11258 425335 338663 10612 2518000
1972 71845(H) 12031800 4S76700 10313200 1342700 1317700 3835 13716 455377 307532 11737 2701000

1973 8444500 14292600 4662800 9797600 1297100 1223700 399S 134S1 443835 297048 10725 2785000
1974 75763(H) 1 I 1447(H) 4600SOO 8391300 127SS0Q 1163500 4200 11440 477138 290533 11250 2933000

1975 77723(H) 13833SOO 42S4900 9049900 I829200 IS39200 4432 8435 555584 201185 11048 2913000

1976 94553(H) 19654900 4I6S7(H) 100S7700 7195(H) 836900 4349 8523 613370 167838 10764 3263000
1977 S974400 173773(H) 45858(H) 11380600 14528(H) 1973100 4012 8919 629337 1S2S79 10967 3211000
19*8 87495* m l~ VMM M Ml 4197* mi 9S484DO :> :4 ( ii '4 9 *  [(H) 3*5s 9432 55S6t*7 201398 1(<239 5 [ 5 l (fno

1979 90364(H) 143806(H) 3532600 7S99300 34075(H) 3411100 3591 1 1100 501291 241303 10400 3091000
19S0 95350(H) 16192100 4592‘XH) 10649900 20801(H) 24834(H) 3629 12009 500259 290096 [04SI 2999000
198 I 10334900 205791(H) 5151 KM) 12804400 14014(H) I848500 3561 11701 532406 283752 9510 2 9 10( K)0
19S2 107466(H) 227975(H) 4765100 12773400 17685(H) 2218100 3574 11434 571517 277070 9308 2931000
1933 117900(H) 2249SIKX) 395S(HH) 9286000 2307000 25S6000 3455 12368 567096 294217 9045 3024000
19S4 10921000 17609000 4196000 9178000 3060000 3391000 3390 13924 579402 347304 S417 3131000
I9S5 I II7SIHH) 202820(H) 43610(H) 11045000 27610(H) 3453000 3 316 13734 577971 362235 S296 3160000
I9S6 II506S1M) 25251(WO 43746(H) 13150600 25920(H) 3640200 3206 13756 572147 IIS544 S297 3250400
I9S7 10633100 203S4(HH) 4548700 12580100 25981(H) 3690000 3131 15343 554387 373990 8620 3537000
I9S3 100949(H) 12413IHX) 37737(H) 9198800 36928(H) 4191 1(H) 3237 16951 625901 42S396 SS22 3702900
1989 10633100 I920UHH) 43402( K) 105422(H) 29017(H) 3IS4300 3394 16511 637682 441663 8295 363SI00
1990 114S3UOO 26046(HH) 41540(H) 122296(H) 25091(H) 32228(H) 3508 15780 646572 419683 8134 3771700
1991 11877595 204509<h) 4 [ 179* )S 10474800 3114.185 41788(H) 36 i 3 16748 613554 399313 7781 3747126
1992 1247230*1 251612(H) 34034(H) 96332(H) 32213(H) 38429(H) 3947 17456 717708 476097 7319 43505(H)
1993 I I 1768(H) 22917S(H) 41S0400 11885500 41521(H) 5486300 4123 17109 725209 475205 7122 4316000
1994 82353(H) 16776'HK) 3992300 10767500 5774S00 7IS7100 4IS6 17720 764644 491623 6799 4560S00

1995 8761100 18671900 433SI00 12! 12000 53096(H) 6363400 4515 19021 SOISIS 492738 6779 4457600
1996 99147(H) 23949800 49210(H) 14623400 35148(H) 5010900 4756 IS655 954172 518648 6192 42S7S00
E997 8945400 I SSI 2300 4692300 12471300 4874400 6327700 4669 1SSS5 930998 526393 5645 4251200

Continued on next page
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Appendix 2e: Data Series Used for the Farm Sector Model

Year
Crop land

prices
Wheat
prices

Barley
prices

Canola
prices

Cattle
prices

Hog
prices

Input
Index CPI

US com  
price

US soy 
price

Interest
rate

I960 11-33 57.69 36.74 79.98 417.04 456.42 21.05 18.5 115.79 215.75 4

1961 11.74 63.93 43.69 87.75 420.35 526.55 2 1 6 18.7 113.4 268.37 3.37

1962 12.55 60.99 43.17 99.97 431.19 561.95 24.1 IS.9 113-01 249.88 4.33

1963 14.16 71.39 43.17 123.3 465.71 561.95 25 19.2 125.51 267.56 4.01

1964 16.19 63.01 50.43 134.41 423 .1 505.53 24.9 19.6 125-41 267 4.2

1965 19.02 7 1 2 4 54.43 117.74 435.34 -605.09 25.8 20 130.24 2 8 1 1 7 5.02

1966 21.85 7 1 0 5 55.07 121.03 493.36 710.18 27.2 20.8 136.96 3 1 1 7 7 6.27

1967 25 09 65.66 55.48 94.42 523.23 563.53 27.4 21.5 129.62 230.15 5.85

I96S 26.71 60.99 46.3 39.97 523.23 536.23 2S.3 2 14 1 13-33 266.17 6.32

1969 24.69 60.31 44.55 I 1119 594.03 736.73 29.4 23.4 123.47 259.7 7.85

1970 24.28 60.66 33.21 1 14.41 620.53 62S.32 29.6 24.2 137.77 276.86 7.34

1971 23.S3 58.64 41.3 105.53 639.53 470.13 50.7 24.9 133.99 310.37 4.51

1972 24.28 79.15 37.2 160.5 630.73 1000 3 18 26.1 130.67 343.49 5.1

1973 2S.73 168.21 1 19.06 279.76 S77.2I 1104.42 58.1 23.1 219.72 703.69 7.45

1974 36.42 164.59 107.05 318.95 846.63 99143 44.2 51 .i 32115 675.03 10.51

1975 47.35 146-27 104.06 226.3 707.52 1437.31 50 34.5 291.27 5 4 1 3 7 7.94

1976 57.47 117.15 91.5 28113 675.22 1329.62 53.6 37.1 271.27 578.61 9.17

1977 6556 120.3 33.39 295.94 727.65 1265.77 55 40 224.37 700.56 7.43

1973 80.13 160.55 91.08 504.77 1089.6 1529.62 6 1 2 43.6 235-35 650.94 8.S3

1979 97.53 196.43 107.47 509.04 1517.92 1429.31 72.9 47.6 265.12 706.29 1107

1930 134 36 2 2 1 12 146.55 529.35 140143 126S.24 SO.3 5 14 300.79 G96.I9 13.15

1931 154.59 199.62 131.07 325.19 1330.31 1503.73 92.4 53.9 315-57 697.74 IS.33

19S2 167 14 192.54 1 10 306.99 1260 4 1SI4.I5 95.6 65.3 255 S3 535.32 14.15

1933 163-90 193.98 133.02 455.44 1305.09 154183 95.7 69.1 326.28 689.99 9.45

1934 159.04 136.37 131.5 586.04 1565.49 1517.5 93 .1 711 327.51 695.33 I I . 19

1935 [44.47 160 1 to 301.4 1261.5 1441.35 98.7 75 268.5 546.35 9.56

19S6 134.36 130 SO 239.7 1519.03 1729.43 100 7S.I 210.74 506.38 9.16

1937 120.60 134.02 74.03 303.35 1339.32 1695.03 9S.7 S I.5 171.83 515.11 8.38

I9SS 115.74 197.14 124 25 337.4 1325.44 1270.56 101.7 34.3 24G.79 73S.33 9.67

1939 115 T4 172.1 I 124 58 305.72 1307 74 1266.54 106.2 39 259.11 664.08 1121

1990 I 14.93 135 90 287.72 1749 78 1543.27 I OS.6 93.3 257.S5 585.69 13.03

19 9 1 107.24 134.14 107 59 274. S5 1677.S3 1366.58 106.3 9S.5 25? 39 563.71 8.91

1992 io3 .:o 156.32 102.46 521.61 1648.45 1239.06 104.9 100 247.44 5 6 1 6 6 6.74

1993 102.39 164 01 99 94 391.38 1857 .OS 1453.04 109.S 101.8 24171 613.16 4.97

1 994 109.67 195.59 101.94 41118 1901.99 1565.65 113.9 102 257.96 612 5.66

1995 121.00 254.16 205.49 433 I833.S5 1474.4S 119.7 104.2 23196 599 7.22

1996 127.07 20S.2 150.97 441.1 1734.96 IS23.3I 123.9 105.S 396.19 744.97 4.35

1997 128.29 190.76 121.02 419-92 1858.41 1793.1 126.2 107.6 282.66 755 3.61
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3. ANALYSIS OF D O M ESTIC  DEMAND FOR FA R M  OUTPUT

3.1 Introduction

Initiatives taken by the governm ent on value adding activities are focussed at 

encouraging and promoting projects that contribute to the econom ic developm ent o f the 

agricultural industry. Government initiatives on value adding include funding programs 

that encourage research and developm ent into the com m ercialization o f value-added 

products. With such programs, it is hoped that the food-processing sector will undertake 

structural adjustments that may eventually result in increased utilization of prim ary 

agricultural commodities.

Agricultural and food-processing industries in Canada and the United States have 

become increasingly concentrated, often resulting from mergers and acquisitions (Green 

19S5). The trend toward fewer and larger firms has continued since the 1960s, which 

could raise concerns about potential market power and its exploitation. In particular, if 

increasing concentration allows firms to exploit the dom estic market for farm 

commodities, then farmers will be affected if the food processing firms are able to use 

their power to hold commodity prices at artificially low levels. H owever, the efficiency 

o f increasingly large plants in the food-processing industries when plant size is 

determined by production structure characteristics such as cost econom ies and technical 

change have been pointed out (Hazeldine 1991; Goodwin and B rester 1995; Holloway 

and Goddard 19SS: Paul 199b). In these circumstances increased import and export 

competition may modify market power. In Canada, a significant proportion of prim ary 

agricultural products particularly grains and oilseeds is exported, suggesting that, with

64

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



export competition, food-processing firms may not be able to exercise any m arket pow er 

in the domestic m arket for farm outputs.

This portion o f the thesis exam ines aggregate dem and of the processing sector for 

w heat, barley, canola, slaughter cattle and hogs to assess potential market pow er 

exploitation. An alternative index for measuring industry-w ide market pow er is 

developed. The procedure used here differs from previous studies in that conjectural 

marginal input cost is explicitly incorporated into a profit function allowing a system  of 

factor demand and output supply equations to be estim ated. W ith this procedure and 

sufficient data, policy analyses can be conducted by assessing the conduct o f the industry 

over time in response to certain changes. This fram ework is applied to four Standard 

Industrial C lassification (SIC) food-processing industries in Canada including the meat 

and meat products (excluding poultry) industry, the cereal grain flour industry, the 

livestock feed industry and the vegetable oil (excluding com  oil) industry. These are the 

m ajor food processing industries for W estern Canadian agricultural outputs.

The following section reviews som e o f the approaches that have been utilized in 

previous studies to assess market pow er in the market for farm output. This is followed 

by an outline o f the theoretical foundation o f the model used here to measure the degree 

o f oligopsony power. Duality theory is applied with the incorporation of a profit function 

that explicitly incorporates a price “ m ark-dow n” factor to assess possible non

com petitive behaviour in the market for farm outputs. The models are applied to 

aggregate annual data from four Canadian food industries for the period 1974 to 1996. 

T he results and a discussion of these are then presented and som e conclusions are drawn
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from this com ponent o f the study. The final section summarizes the findings o f the study 

and discusses lim itations o f the study.

3.2 R eview  o f Past Derived Demand Studies

A com m on approach adopted in studies that exam ine derived demand 

relationships and market power involves the application o f the theory o f the firm. A 

behavioural assum ption involving m axim ization o f  short run profits o r minimization o f 

costs is m ade for the processing firm. From  the solution of the first-order conditions for 

the maxim ization or minimization problem , output supply and input dem and schedules 

for the m arketing firm are obtained. This approach has been applied in m any studies to 

examine dem and relationships under different market structures. M ost o f  these studies 

analyse a firm ’s conduct through the estim ation of conjectural elasticities. These are 

measures o f the firm ’s expectation o f the percentage change in industry output (input) in 

response to its own output (input) change. Unfortunately, panel data on firm level input 

and output are frequently unavailable due to confidentiality concerns. This limitation has 

led analysis to assume that conjectural elasticity measures are identical across firms. This 

particular assum ption allows the application o f conjectural elasticity  measures to the 

industry level in the form of indices o f market power in output and input markets 

(Appelbaum 19S2: Azzam and Pagoulatos 1990). However, changing consumer 

preferences, corporate mergers, strategic alliances o f firms and acquisitions o f firms have 

changed the structure o f the food industry and consequently, the aggregate values of the 

conjectural elasticities can be expected to have changed.
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Appelbaum (1979, 19S2) used the theory of the firm to provide a general 

framework to examine non-competitive behaviour in a processors’ output market. The 

framework developed by Appelbaum has been extended to the processors’ input market 

(e.g., Azzam and Pagoulatos 1990; Chen and Lent 1992; Durham  and Sexton 1992; 

Huang and Sexton 1996; Schroeter and Azzam (1991); Sexton 1990; Wann and Sexton

1992).

In a perfectly competitive market structure, processing firms are assumed to be 

price takers in the market for farm commodities and have no influence in setting purchase 

prices. The assumption o f a perfectly competitive market structure has sometimes been 

applied in welfare analyses o f  the impacts of agricultural policies. Studies of derived 

demand that have assumed perfectly competitive farm commodity markets include Dunn 

and Heien (19S5); Martin and Alston (1994); Mullen et al. (1988); Kinnucan et al. 

(1996); and Wahl et al. (1992).

If agricultural markets are not perfectly competitive, the welfare implications may 

differ from the perfectly competitive structure. Consequently, some studies have 

examined derived demand relationships under an assumption o f  imperfect competition in 

the processors’ input markets (e.g., Chen and Lent 1992; Durham and Sexton 1992; 

Huang and Sexton 1996; Hyde and Perloff 1994; Just and C hem  1980; Sexton 1990). 

Further extensions of this general modelling framework are found in the literature. For 

example, Azzam and Pagoulatos (1990), Dryburgh and Doyle (1995), Schroeter (1988), 

Schroeter and Azzam (1991). and Wann and Sexton (1992) have investigated non

competitive behaviour in both the output and input markets.
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Some o f  tlhe studies cited above focus on investigating comparative statics in 

imperfect competi tive market situations, while others investigate the implications for 

market equilibrium! o f  exogenous shocks in supply and demand. Issues that have been 

examined in the co n tex t  o f  non-competitive markets include the im pact of agricultural 

policy, govem m em t programs, research, advertising and promotion. The implications o f  

policy or ex ogenous  factors are not the focus o f  this part o f  the study. However, results 

obtained from the m ode ls  will be used to simulate the likely impact on the farm sector o f  

value adding in itia tives in the processing sector.

3.3 Theoretica 1 Framework

3 .3 .1  P r e l i m i n a r y  O u t l i n e

It is postul ated that the behaviour of a firm is determ ined by its production

technology and by the economic environment in which it operates, both of which act as

constraints on the tfirm’s decision making. Assuming profit maximization for a primary 

processing in dus try  that is producing a retail good x. using a homogenous technology 

g(.), the production function for the industry may be expressed as:

A- = g (q .r .z )  (3.01)

where .v=X-\J, is th>e sum of all outputs produced by the j  firms in the industry; q is a 

vector of farm cormmodity inputs; v is a vector o f  marketing inputs; and z  is a vector o f  

quasi-fixed factors.

For simplicrity, assume there is only one farm com m odity and one marketing 

input. The short rum variable cost c, for the j  rh firm is expressed as:

c J = w q J + m v J (3.02)
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where c/ and vJ are the farm commodity and marketing input used by the j  th firm in the 

production process and w and in are the respective prices. If  p  is the price of the industry 

output faced by all firms in the market, then in the short run (when ~ is fixed), the profit 

function for t h e / h firm is:

FI7 (/?, w,m, z i ) = max [ p x J — w q J — m vJ — r  z J ; g J( qJ, v J, z J)] (3.03)

where r  is the price o f  the quasi-fixed input. Equation (3.03) is an expression o f the

m axim um  level o f  profit (i.e., revenue minus cost) given the exogenous factors and the 

fixed input. Given standard assumptions for the underlying technology, the profit 

function o f  equation (3.03) has the properties of being positive (monotonicity), non

decreasing in /?. non-increasing in u-. convex and continuous in p  and iv12. Consequently, 

the first-order conditions (Hotelling’s  lemma) for (3.03) provide a system of short run 

output supply and factor demand equations for the firm expressed as:

r , = ( 3 M )

d p

qI  = _ 3n-(pi.'.m.;') (30J)
a iv

(3 .0 6 )
nn

where .\J is output supply function for firm j: cf is farm commodity input demand function 

for firm j ;  and \J is marketing input demand function for firm j .  An assumption in the 

above formulation is that firms in the industry are price takers in the output and input 

markets. The properties of the profit function o f  equation (3.03) imply that:

12 The assumption is that the input requirement set is convex, closed and non-empty for all .r>0 (i.e., all 
input combinations capable o f producing output level .v).
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^ - > 0 ;  ^ - < 0 ;  and ^ - < 0  (3.07)
d p  d w  am

d x J d q J d x J d v J d q 1 d v J
——  = - —i— ; ——  ----------- ; and ——  = ------  (3.08)
d w  d p  dm  d p  d m d w

The expressions in (3.07) are the direct consequences o f  the convexity of the profit 

function and the expressions in (3.0S) are reciprocity or symmetry relationships. These 

expressions represent a set of conditions on smoothly differentiable supply and factor 

dem and functions that ensure these functions can be “integrated” to capture the 

technology underlying the profit function that generated them (Chambers 1988, p. 131). 

These expressions or conditions are useful for validating estimation models.

3.3.2 Modelling Non-Competitiveness

Non-competitive behaviour is characterized by firms possessing some control in 

determining their input and/or output prices. For example, firms having oligopsony 

pow er are able to influence their input prices. The extent of influence depends on the 

conjectures of other firms in the industry. In modelling oligopsony power, these 

conjectures are taken into consideration.

Consider the situation of the processing firm that has some influence (i.e., market 

power) over prices for farm commodities but is a price taker in the markets for its own 

output and other non-farm inputs. The objective function (3.03) becomes:

Y\] ( p . w j n . z * )  = max[/?.vJ -  w (q )q J -  m vJ — r' z J ] (3.09)

The first order condition for profit maximization with respect to the farm commodity 

input is:
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The expression on the left side of (3.10) is the value of marginal product (VMP) for farm 

commodity input. The term on the right side is the effective marginal cost (EMC) to the 

firm (an oligopsonist). Using algebraic manipulation (see Appendix 3a), the EMC term 

can be expressed in elasticities as follows:

d x 1 QJ
P-— ■ =  u-(l + — ) (3.11)

d q 1 £

where 9 J is the firm's conjectural elasticity in the farm commodity market; and £ is the 

price elasticity of the farm commodity supply. 0 7 shows the j lh firm 's perception of the 

percent change in the purchases by all firms in the industry in reaction to a one percent 

change in its own purchases. Thus, 0 y with values in the [0,1] interval can be interpreted 

as an index of market power in the affected farm commodity. This parameter is 

comparable to Appelbaum's (19S2) conjectural elasticity term for the output market. 

Chen and Lent (1992) refer to the right side o f (3.11) as the processor’s conjectural 

marginal input cost (CMIC) and suggest that this is useful for testing the degree o f  

monopsony/oligopsony power held by the processor. Azzam and Pagoulatos (1990) 

suggest that in equilibrium 9 J is invariant across firms, that is:

0 l = G 2 = . . .  =  0" = 0  (3.12)

Azzam and Pagoulatos (1990) also suggest that the ratio 6 J/e, is an industry-wide 

index o f oligopsony power in the farm commodity market. The index represents the 

degree to which processing firms can set input price below the marginal product i.e., 

price “mark-down” . With observations for the farm commodity price w, the conjectural
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marginal input cost can be estimated with knowledge o f the market elasticity e. From 

equation (3.11) if the index equals zero, a perfectly competitive market exists for the 

affected farm commodity. If the index does not equal zero, the farm commodity market is 

not perfectly competitive. By rearranging the expression in (3.11), Hyde and Perloff 

(1994) suggest that the price “mark-down” can be expressed as:

= (l + «i) (3.13)
IV d q J £

where f.iq is the price “mark-down.” If I, the industry-wide index equals zero and the 

value of marginal product of the processor’s farm commodity input equals the farm 

commodity price. If the index is not zero. The expression for price “mark-down”

(3.13) can be expressed alternatively as (see Appendix 3b):

£
= —  (3.14)

where £q is the firm’s elasticity o f  output with respect to the farm commodity input, and 

mq is the cost of the farm commodity input relative to value o f supply (i.e., farm 

commodities input cost share o f value o f  supply). From (3.13) the conjectural marginal 

input cost of the farm commodity input equals w,uq.

Appelbaum (1979) suggests ways that non-competitive behaviour may be 

incorporated into (3.03). Following Appelbaum, and substituting for CMIC, (=wfiq) the 

profit function for the oligopsonist has the form:

n ; =  W  [p,w,jLi , m , z J] (3.15)
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The first-order conditions for profit maximization from (3.15) give the short run output 

supply, farm commodity input dem and and marketing input demand functions 

respectively as:

.v' = a n ' ( 316)
d p

d n J[ p , w, p  , n, zJ]
q  = -------------- ^—  -----------  (3.17)

a n/

d n J [p,\\\fJLn,m . z J]
and v 1  ---------------  — -----------  (3.18)

o III

The output supply and factor dem and functions (3.16) to (3.18) are homogenous of 

degree zero in p  and u \ i.e., only relative price changes affect supply or demand. The 

second-order conditions of (3.15) are similar to (3.07) and (3.OS) and are useful for 

validating (3.16) to (3 .IS).

Based on the development o f  these expressions, specification of a functional form 

for (3.15) allows us to derive estimable supply and demand functions to test for the 

significance o f  j.t,r  the price “mark-down” . Thus, we can test for non-competitive 

behaviour in the market for farm commodities.

3 . 3 .3  A g g r e g a t i o n  I s s u e s

The model outlined above is a firm-level model. As is often the case in empirical 

work, firm-level data for prices and quantities are not available because of confidentiality 

restrictions. To apply the firm-level formulations to the industry, the common assumption 

that is applied in empirical work is linear aggregation of output and profits for the firms 

in the industry, that is:
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a- = ] > > '  (3.19)
j =i

and n  = j ^ l l J [ p , w , p q , m, z J] (3.20)
j=i

where a  is the industry output and Ft is the industry profit. Any functional form capable 

of incorporating (3.19) and (3.20) is a candidate for an industry profit function 

(Chambers 19SS p. 1S3). The first-order condition o f (3.20) with respect to output price 

p,  is:

a n  ^  a n  a n '  ^ a n y a n  ,
——  = > ------:----------- = > -------  since    = 1 (3.21)
d P % d u j d P t r  d p  a w

-pi V  3 n ;  .Thus, - —  = —  V j  (3.22)
d p  J=l a  p

The assumption of linear aggregation o f  output and profits across firms allows the firm- 

level formulation to apply to the industry. The problem with the aggregation assumption 

is that from the aggregate perspective, it is irrelevant which firm produces which units of 

output. Equation (3.22) implies that the sum of each firm's level of output equal 

aggregate output.

3.4 Application and Empirical Specifications

The formulation to assess imperfect competition outlined above is applied to each 

of the four food processing industries o f  meat and meat products (excluding poultry) 

industry, the cereal grain flour industry, the livestock feed industry and the vegetable oil 

(excluding com oil) industry. The procedure outlined above differs from the cited 

previous studies in two major ways. First, the conjectural marginal input costs o f  farm
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com m odity  inputs are explicitly incorporated into the oligopsonist’s profit function and a 

system  o f  factor demand and output supply equations is estimated. None o f  the cited 

stucHies have estimated factor demand and output supply functions o f  the form (3.16) to 

(3.1 8). M ost studies investigating market power use a variant of (3.10) and specify this as 

a be=havioural function. For example, (3.10) may be specified as a factor dem and function 

(e.g_, Azzam and Pagoulatos 1990). A similar derivation for an oligopolist may be 

specified as a supply function (e.g., Schroeter 198S; Wann and Sexton 1992).

A second distinction of the approach discussed here is that the functions 

incorporate the oligopsonist’s conjectural marginal input costs o f  farm com m odity inputs 

into the profit function. This permits the evaluation o f  the direct effect o f  farm 

com modity input prices as well as the effect of any price “mark-down.” This approach is 

particularly important because the existence of a price “m ark-dow n” represents a 

depression o f  the price that farmers receive and this may result in resources being 

diverted away from the production of the affected farm commodity.

Now consider a firm producing any of the industrial products being considered, 

i.e., imeat and products (excluding poultry), cereal grain flour, livestock feed, o r  vegetable 

oil (excluding corn oil). It is assumed that, for farm commodity input, the meat products 

industry uses cattle; the wheat flour industry uses wheat; the livestock feed industry uses 

barley; and the vegetable oil industry uses canola. In addition to farm com m odity input, 

all farms are assumed to use labour, capital, and energy as o ther inputs. The profit 

function of  the firm may be specified as a Translog profit function (Christensen et al. 

1973*) expressed as:
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In n  = b0 + bx In p + b q In w +  bq In.ti^ + b v Inm -f-0.5Z?r t (In p ) 2 +  bxq In p ln w  

bxn- In P ln Pq + b xv *n P In m +  0.5bqq (In w)2 +  bqq. In win p q 

+ bqv In u-In/// + Q.5bq,q. (In p q ) 2 + b q.r In p q In m + 0.5bxv In m \n m

(3 .2 3 )

where p  is retail price output; w  is price of the farm commodity; p q is the price “mark

down” o f  the farm commodity; /// is labour wage; and the bs are parameters to be 

estimated.

The translog function is one of the flexible functional forms that permit 

examination of comparative statics without imposing arbitrary cross-equation restrictions. 

From Hotelling's lemma, and substituting for p q=cqlurq, the share equations o f short run 

output supply, farm commodity input demand and labour input demand are obtained from

(3.23) respectively as:

^ In  ̂ ^  ^
T,  = y v = b* +  b*x ln P + b r» In u- + b . In —— -r b xv In md in  p  ' m

V ^ j

(3.24)

d In n  
0 In it*

and —------ = .v, = -  bv + b iv In p + b  In w + b In
d in ///  ' '

+ b In /// (3.26)

is the value o f  shipment of output to total profit,

is the cost o f  the farm commodity input to total profit and

n
is the cost o f  labour input to total profit.

All variables are defined as previously.

76

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Assuming standard properties for the processing technology, equation (3.23) 

satisfies the following conditions: monotonicity and convexity in prices; symmetry; and 

homogeneity. Appropriate restrictions on the parameters can be imposed on (3.24) to

(3.26) during estimation so that the profit function satisfies the properties o f  symmetry 

and linear homogeneity in prices.

Monotonicity and convexity are not general properties o f  the translog function. 

These properties cannot be conveniently imposed with linear restrictions on parameters in

(3.24) to (3.26) (Holloway and Goddard 1988; Fulginiti and Perrin 1993; Lau 1978). 

Instead, the consistency o f the estimated share equations with these properties must be 

evaluated after estimation. To satisfy the monotonicity condition, the shares fitted from 

the estimated parameters must be positive. The implication is that processors do not 

accept negative profits if all inputs are perfectly variable. To be convex in prices, the 

Hessian implied by the estimated price parameters must be positive semi-definite 

(Chambers L9SS: Fulginiti and Perrin 1993). The implication is that for outputs, all own- 

price effects are positive and for inputs, all own-price effects are negative, as expressed 

by (3.07). The hypotheses of monotonicity and convexity in prices of the estimated 

functional forms are tested in this study. In addition, non-competitive behaviour in the 

domestic market for farm commodities is tested through estimation of the price “mark

down” as discussed above.

3.4.1 Responsiveness and Elasticity Measures

The dependent variables in (3.24) to (3.26) are shares that do not allow easy 

interpretation of the effects o f  prices on quantities supplied. In this case processors’
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responsiveness to price changes may be appropriately measured by elasticities. The 

elasticity measures o f  interest in this study are own-price elasticities of supply and 

demand as well as the elasticity of demand for farm commodity inputs with respect to 

own-price “mark-down” . The elasticity formulations specified below are derived from 

Fulginiti and Perrin (1993). The formulation for own-price elasticity of output supply is:

b + 5 7  -  s r
Ea = ------ i----- 1 (3.27)

From (3.07) it is expected that output supply will respond positively to output price 

changes, i.e., that output supply will increase with an increase in output price (Exv > 0). 

This will be an affirmation of the basic economic theory relating to supply in that supply 

curves are expected to be upward sloping.

Own-price elasticity of demand for faim commodity input is:

h +  c '  —  s
E  =  JH  1------ 2. (3 .2 8 )

*7

From (3.07) it is also expected that own-price elasticity o f  demand will be negative, i.e., 

Em<0 reflecting a negatively sloped demand curve for farm commodities. A similar sign 

is expected for own-price elasticity of demand for labour, which may be expressed as:

En. = frn- (3.29)

Appropriate signs for all own-price effects are a confirmation of the convex nature o f  the 

profit function from which the functions were derived.

Following Fulginiti and Perrin (1993) the existence o f substitution and/or 

complementarity between a farm commodity and labour in the production process is 

assessed using the cross-price elasticity formulation:
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i , j  =  q ,v \  i ^ j (3.30)

The sign of Ejj depicts the technical relationship between a farm commodity input and 

labour in production. A positive sign implies that labour and farm commodities are 

substitutes while a negative sign implies that these are complements. Intuitively, we 

expect that the two inputs will be complementary in the food production process.

Expressions similar to (3.30) are used to calculate the elasticity o f  supply with 

respect to factor prices and the elasticity o f  factor demand with respect to output price. 

There are no prio r expectations about the sign of these elasticities because economic 

theory does not suggest a particular sign for supply response to changes in factor prices w 

and //(, and factor demand response to changes in output price p . From equation (3.08) 

supply response to changes in u\ and factor demand response to changes in p  are 

expressed respectively as:

where indicates optimal levels. The direction of change in the expressions in the 

second set of brackets o f  (3.31) and (3.32) can be predicted using (3.07). However, 

economic theory does not suggest a particular direction o f  change in the expressions in 

the first set o f  brackets o f  (3.31) and (3.32). The expressions in the first set of brackets 

represent a change in output (input) to changes in input (output). For example, in the 

production process, increasing output may require an adjustment o f  the input mix but the

(3.31)

and (3.32)

79

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



extent to which individual inputs adjusts is determined by how input dem and in tum 

responds to changes in output (Chambers I9S8, p. 133).

Regarding the effect o f  the price “mark-down,” the parameter in (3.24) to

(3.26) is a local measure that measures what happens to output in a small neighbourhood 

o f  farm commodity input space. The sum of all elasticity measures o f  output with respect 

to variable inputs £,s, is termed the elasticity o f  scale, i.e., X/C/ = £ (Chambers 1988). 

Decreasing (constant) returns to scale implies that each is less than (less than or equal 

to) unity since their sum must be less than (equal to) unity. The elasticity measure of 

output with respect to each input is unknown. However, assuming that the profit function 

satisfies the aggregation property of (3.19). the production technology implied in the 

production process is quasi-homothetic and therefore a constant-retums technology 

(Chambers 19SS. p. 1S4)L\  With this assumption, it implies the parameter £, equals unity. 

For the purposes o f  this study, the parameter c(, (elasticity o f  supply with respect to farm 

commodity input) is set at 0.5. Assuming that the parameter £q is constant over the 

sample period, equation (3.14) implies that:

= ( 0 . 5 ) - ^  = (0 .5 )—  (3.33)
u -q sq

Any variations in the price "mark-down” j.iq will be attributed to the ratio o f  the optimal

shares o f  the value of output and the value o f  faim commodity. From the above

expression, d s (l/d inq < 0  and d s (/df. in > 0 .  This implies that a higher price “mark

dow n” results in a lower share of farm commodity and a higher share o f  the value of 

output. Empirically therefore, two conditions suggest non-competitive behaviour in the
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farm commodity market. These are; ( I )  a statistically significant and positive estimate of 

the coefficient on f.iq in the output equation and (2) a statistically significant and negative 

estimate o f  the coefficient on fiq in the farm commodity equation. Regarding the signs of

the associated elasticity measures, the elasticity of demand for a farm commodity with

respect to a price “mark-down” is expected to be positive because a high price “mark

down” depresses commodity price, resulting in increased quantity demanded for the farm 

commodity. This is expressed as:

E'm =  ^  (3.34)
s<i

Similarly, the elasticity measure o f  supply with respect to farm commodity price “mark

down” is expected to be positive because with more farm commodity input, more output 

will be produced. This is also expressed as:

£ ;  = ^  (3.35)
Ti

3.5 D a ta  and  Estimation P ro ce d u re

Data used are annual time series for the period 1974 through 1996. The 

definitions and sources of the data series are summarized in Table 3.1. Four food 

processing industries are considered in the study; the meat and meat products (excluding 

poultry) industry, the cereal grain Hour industry, the livestock feed industry and the 

vegetable oil (excluding com oil) industry. These industries constitute part of the

13 Q uasi-hom othetic production functions have expansion paths that are straight lines that do not 
necessarily em anate from the origin.
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Canadian 19S0 Standard Industrial Classification (SIC) and are identified respec tive ly  as 

SIC 1011, SIC I0 5 I .S IC  1053 and SIC 106114.

Variables involved in the estimation process include the price index o f iradustry 

output, the price o f  farm-commodity, the price o f  labour (wage), the price o f  ernergy, 

capital, and the generated commodity price “ mark-down” variable (equation 3.33>. Data 

on capital could not be obtained for the specified industry subdivisions. C onsequently , 

following Bradley et al. (1993) and Holloway and Goddard (19S8), operating su rp lu s  of 

the industry is used as a proxy for capital. Input prices and all nominal variabl es are 

deflated by the consumer price index. This implicitly imposes the homogeneity p roperty  

in the supply and demand functions. With the data used, the disturbances in equa tions

(3.24) to (3.26) are assumed to be linearly dependent because o f  the endogeneity o f  the 

price “mark-down” term and inaccurate measurement of capital. The system of equa tions  

is therefore estimated for each industry using the three-stage least squares (3 S L S ) 

procedure of the “SHAZAM ” software program (White 197S). The consumer price index 

and the interest rate are used as additional predetermined variables in the estirmation. 

Symmetry conditions (3.0S) are imposed during the estimation procedure.

Preliminary results indicated the existence o f  multicollinearity. T herefo re , all 

right-hand side variables used in the estimation were divided by the price o f  energy . 

Since the price o f energy is not explicitly included as an explanatory variab le, the 

equation for energy is not included in the system. For each industry, the system has three 

equations; output supply, farm commodity demand and labour demand. The depemdent

14 SIC 1011 refers to establishm ents primarily engaged  in abattoir operations and/or in m eat p a c k in g  
operations. SIC 1051 refers to establishm ents primarily engaged in m illing flour from w heat, corn, 
buckwheat, rye and other cereal grains. SIC  1053 refers to establishm ents primarily e n g a g e d  in
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variables are the output and input shares. The full model for each industry comprising 

output supply, farm commodity dem and  and labour demand has 23 observations and 15 

estimated parameters.

While the properties of hom ogeneity  and symmetry are imposed, monotonicity is 

tested using the estimated parameters to predict shares at each data point. The 

monotonicity property is satisfied w hen predicted shares are positive at each data point. 

For convexity in prices, all own-price elasticities should have the expected signs, i.e.. 

being positive for output supply and  negative for input dem and (Chambers 1988). 

Convexity in prices can also be checked  using the sign definiteness o f  the Hessian o f  the 

sub-matrix o f  price coefficients (H ollow ay and Goddard 1988; Fulginiti and Perrin 1993). 

The sub-matrix o f  price coefficients should be positive semi-definite.

3.6 Results and  Discussion

3.6.1 M odel Diagnostics

Estimates of parameters, values o f  R-squared, Durbin-Watson (D-W) statistic, and 

variance of the estimates (a-squared) for the various industry models are presented in 

Table 3.2. The R-squared statistic reported here is the square o f the correlation coefficient 

between the observed and predicted dependent variable13. Generally, there is a reasonable 

level of fit for the individual equations given the values o f  the R-squared statistic. The 

values range from 0.54 for the labour demand equation in the livestock feed industry

manufacturing balanced feeds and p re-m ixes or feed concentrates. SIC 1 0 6 L refers to mill establishm ents  
primarily engaged  in crushing, expressing, o x id iz in g , dehydrating or oth erw ise  processing oil seeds.
13 T his R-squared is not the good n ess-o f-fit m easure which is calculated as one minus the ratio o f  the 
residual variance over the variance o f  the left-hand sid e (unexplained portion o f  the total variance). In 3SL S  
estim ation, the good n ess-o f-fit measure o f  R-squared is not well defined (Berndt 1991, p. 468; Judge et al. 
I9SS. p. 650)
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model, to 0.96 for the meat supply equation in the meat and meats products industry 

model. The D-W  statistic values are measures o f  first-order serial correlation in the 

estimated models. The D-W  statistic values obtained suggest that serial correlation does 

not appear to be a problem in the models. The variance o f  the estimates, which is a 

measure o f the difference between observed variation and predicted variation in shares, is 

also used to validate the models. Variance estimates are generally low ranging from 

0.000 in the labour demand equation in the vegetable oil industry model, to 0.099 in the 

flour demand equation in the cereal-flour industry model. Low variance estimates are 

indications o f  good predictive abilities of estimated models.

3.6.2 M odel Validation

In addition to model diagnostics, a more general approach to ascertaining the 

validity o f  the estimated model is to check whether the model satisfies the theoretical 

properties o f  the function from which it is derived. Homogeneity and symmetry are 

imposed in the estimation process but monotonicity and convexity are not. All fitted 

shares are positive implying that the translog profit function satisfies the property of 

monotonicity. In an economic sense, this implies there are no negative profits for 

processors when inputs are perfectly variable. The property of convexity in prices is 

ascertained using the eigen value test of sign definiteness. Convexity requires that all 

eigen values o f  the sub-matrix of estimated price coefficients should be non-negative and 

at least one should be zero for positive semi-definiteness. Eigen values obtained are: 

0.341, -0.025, 0.L00 for the meat products industry model; 0.426, 0.059, -0.583 for the 

cereal-flour industry model; -0.328, 0 .0 IS, -0.240 for the livestock feed industry model;
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and 0.105, -0.024, 0.495 for the vegetable oil industry model. Eigen values from the meat 

industry and vegetable oil industry models appear to satisfy the condition for positive 

semi-definiteness. A convex profit function implies that processors can always keep 

output and cost constant but still increase profit with an increase in output price.

3.6.3 Test o f  Non-Competitive Behaviour

As illustrated in section 3.4.2, if there is non-competitive behaviour in the farm 

commodity market, the price “mark-down” is expected to be positive in the supply 

equation but negative in the farm commodity demand equation. From Table 3.2, these 

sign conditions are satisfied in the livestock feed industry and vegetable oil industry 

models. The two estimated parameters for supply and commodity demand are 

respectively, 5.67 and —2.431 in the feed industry model, and 3.416 and —1.036 in the 

vegetable oil industry model. However, the estimated parameters are not statistically 

significant asymptotically. Statistical significance of the parameters would have 

suggested the presence of non-compctitive behaviour (market power) in the market for 

barley and canola. Nevertheless, the signs on the parameters appear to suggest that there 

is a limited ability or potential for the two industries to exert some market power in the 

market for the two commodities. In the meat products industry and cereal flour industry 

models, the sign conditions for the estimated parameters on the price “mark-down” are 

not satisfied. In both models, estimated parameters are positive in the supply and farm 

commodity equations. This suggests the absence o f  market power and absence of the 

potential to exert some power by these particular industries.
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The finding of absence o f  market power in com m odity markets may be attributed 

to a num ber o f  factors. First, the markets for feed barley and canola are unregulated and 

may be considered as reasonably competitive. For wheat, the Canadian Wheat Board 

(CWB) controls international and domestic sale of the com m odity  and it appears that 

prices are negotiated between the board and the grain milling industry. For slaughter 

cattle, animals are marketed through auction or private treaty, particularly in western 

Canada. Such market structures do not facilitate non-competitive behaviour.

Second, a substantial proportion o f  cereal grains and canola is exported and barley 

is used as a major feed ingredient in livestock production. Thus competition in the 

primary commodity market probably limits the ability o f  processors o f  these commodities 

to exert market power. Competition in the output market o f  the food-processing sector 

may also be relevant. Obligations to the General Agreem ent on Tariffs and Trade 

(GATT) have resulted in reduced tariffs on food products o f  the food processing 

industries assessed in the study. Increased cross-border trade of processor outputs also 

limits processors' market power.

Third, it has been speculated that firm concentration does not necessarily lead to 

market power, particularly when scale economies, technical change and trade factors are 

taken into account. For example, the US food industry has experienced increasing 

consolidation yet some researchers find limited or no indications of market power when 

cost economies, technical change, and competitiveness are considered (e.g., Azzam 1997; 

Azzam and Schroeter 1995; Durham and Sexton 1992: Paul 1999a, 1999b). Martin, Ball 

and Alexiou (199S) report that the costs o f  hog processing in Canada have been affected
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by scale and quality o f  plant and equipment, num ber o f  shifts, wage costs, capacity 

utilization and size o f  animals.

3.6.4 Elasticity Measures o f  Price Change

The effects o f  price on output supply and  input demand are evaluated using 

elasticity measures. From an inspection of the elasticity formulation for the translog 

model in section 3.4.2, it is apparent that the elasticity measures will change depending 

on the evaluation point (i.e., as the value of shares change). It is, therefore o f  interest to 

look at the elasticity measures implied by the estimated models at points other than the 

mean point. The elasticity estimates evaluated at the mean of the sample period 1974- 

1996 are reported in Table 3.3 and the estimates evaluated at the mean of the period 

1991-1996 are reported in Table 3.4. To estimate the asymptotic significance of  elasticity 

estimates, share values are treated as constants, so that the asymptotic normal statistic can 

be formed (Holloway and Goddard 19SS: Fulginiti and Perrin 1993).

It is expected that the sign on output supply elasticity measures will be positive. 

This is satisfied in all the industry models. From Table 3.3, own-price elasticity measures 

o f  output supply evaluated at the sample mean values for the meat, flour, feed and oil 

industries are respectively, 0.586, 0.625, 0.588, and 0.385. All estimates are statistically 

significant asymptotically, at the 5%  level. From Table 3.4, own-price elasticity measures 

output supply evaluated at the 1990s mean values for the four industries are respectively, 

1.223, 1.436, 1.256, and 1.116. This indicates that the supply curve for each food industry 

is upward sloping. T he  supply function in the 1990s for the various industry products of
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meat, flour, feed and oil all appear to be relatively price elastic. The industry is 

apparently able to respond to changes in consum ers’ demand.

Regarding factor demand elasticity estimates, a priori  expectation of the sign on 

the own-price elasticity measures o f  input dem and is that these are negative. All 8 of the 

estimated own-price elasticity measures o f  factor demand have the appropriate negative 

sign except in one instance, the elasticity o f  wheat demand, evaluated at the sample 

mean. The exception is an estimate of 0.193 (Table 3.3). In the meat products industry 

model, own-price elasticity measure of cattle demand is -0 .172 and own-price elasticity 

for labour demand is -0 .922. In the cereal flour industry model, the own-price elasticity 

measure o f  the input demand for labour —1.166. In the livestock feed industry model, 

own-price elasticity measure of barley input demand is -0 .117  and the own-price 

elasticity measure of labour input demand is -1 .629. Own-price elasticity measures of 

factor demand in the vegetable oil industry model are also negative. The corresponding 

own-price elasticity measures of factor demand, evaluated at the mean values for the 

1990s, are all negative (Table 3.4). A negatively sloped input demand function implies 

that processors demand less of the factor inputs as factor price increases. This also 

implies that the implicit cost underlying the profit function is concave and continuous in 

input prices (Chambers I9SS, p. 13S). It appears that own-price factor demand elasticity 

measures tend to become larger in absolute value when evaluated at the 1990s share 

values than at the sample means. The translog functional form applied in the study 

permits the measurement of elasticity for different sample periods. Therefore it is not 

entirely clear whether the elasticity measures evaluated at the mean o f the 1990s are more 

useful for policy analysis than are elasticity measures evaluated at the sample mean.
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The findings of positive elasticity measures o f  supply and negative elasticity 

measures o f  factor demand satisfy the conditions in equation (3.07). This finding is 

consistent with results from the convexity property of the profit function and  confirms the 

findings from the eigen values obtained earlier.

Regarding cross-price effects, Table 3.3, which gives elasticities evaluated at 

sample mean, suggests a particular relationship between farm commodities and labour 

used in agri-food processing. In all the farm commodity equations, the elasticity measures 

for demand o f  a farm com m odity with respect to wage are negative, being -0.124 for 

cattle demand, -0.097 for w heat demand, -0.055 for barley demand, and -0.044 for 

canola demand (Table 3.3). All estimates are statistically significant, asymptotically. The 

implication is that labour and farm commodities are complements in food processing. 

However, in contrast, the elasticity estimates of demand for labour input with respect to 

farm commodity prices, while nonsignificant, are positive. The estimates of labour 

demand are 0.032 with respect to cattle price, 0.238 with respect to wheat price, 0.809 

with respect to barley price an d  0.644 with respect to canola price (Table 3.3). The 

positive signs are counter-intuitive in suggesting substitution between labour and farm 

commodities, but these estimates are mainly statistically insignificant, asymptotically.

From Table 3.4 (elasticity measures evaluated at 1990s mean) all estimates of 

cross-price effects are negative and mainly statistically significant, asymptotically. 

Labour and farm commodities appear as complements to each other in the respective 

demand equations. For example, the elasticity measures o f  labour demand with respect to 

the prices o f  farm commodities are —1.741 for cattle price, -1.174 for wheat price, -1.43 

for barley price and -2.017 for canola  price (Table 3.4). Similarly, the elasticity measures
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of dem and for farm commodities with respect to wage are -0.186 for cattle demand, 

-0.171 for wheat demand, -0.107 for barley dem and and -0 .0 5  for canola demand (Table 

3.4). These findings appear to be reasonable because, intuitively, we can expect labour 

and farm commodities to be complementary in the food production process.

The finding of complementarity between farm commodities and labour leads to 

expectations about the effect o f  commodity price “mark-down” on labour demand. With 

complementarity between labour and farm commodities, we would expect a positive 

relationship between labour demand and farm com m odity  price “mark-down” . A higher 

price “m ark-dow n” reflects a depressed com m odity price and processors may 

consequently purchase more o f  the affected farm commodity. With a depressed farm 

commodity price and increased quantity demanded, we should expect that the demand for 

labour would increase as well since the two inputs are complements. From Tables 3.3 and 

3.4, there is a positive relationship between labour and farm commodity price “mark

down” in all industries except for the livestock feed industry where this relationship is 

negative. In Table 3.3, the elasticity estimates o f  labour demand with respect to cattle, 

wheat and canola price “mark-downs" are 0.925, 0.SS8 and 3.321 respectively. The same 

elasticity measures evaluated at the mean of the 1990s’ series o f  the data are 0.599, 0.596 

and 2.745 respectively (Table 3.4).

Regarding the effect o f  input prices on output supply and the effect o f  output price 

on factor demand, there are no prior expectations, as pointed out in section 3.4.2. From 

equations (3.31) and (3.32) the effect in either case is determined by technology and by 

the extent to which input adjusts as output changes and vice versa. All that can be said 

about these elasticity measures is that from equation (3.08), the direction o f  the effect of a
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change in factor price on supply should be opposite to the direction o f  the effect o f  output 

price on factor demand. This condition is satisfied in all the models. In Table 3.3 for 

example, the elasticity measure o f  meat supply with respect to cattle price is 1.195 and 

the elasticity measure o f  cattle dem and with respect to the price o f  meat products is -  

1.496. The elasticity measure o f  meat supply with respect to wage is -0 .002 and the 

elasticity measure o f  demand for labour with respect to meat product price is 0.032. In 

each of the industry models in Tables 3.3 and 3.4, the direction o f  the effect of a  change 

in factor price on supply is opposite to the direction of the effect o f  output price on factor 

demand.

In summary, the results from the estimated models generally appear to be 

consistent with theoretical expectations as well as economic intuition. The translog 

functional form applied in the study is used to approximate the profit function of food 

processors. The elasticity measures are the results that are probably o f most interest for 

policy analysis but, as pointed out earlier, it is not clear which of the elasticity measures 

are more useful for policy analysis given the variation in absolute value from Tables 3.3 

and 3.4.

3.7 S u m m ary  and  Conclusions

The puipose o f  this component of the thesis was to examine the processing 

sector’s demand for farm commodities and the potential presence o f  non-competitive 

behaviour (market power) in the domestic market for farm commodities. Four food 

industries were examined: the meat and meats products industry (excluding poultry), 

cereal grain flour industry, livestock feed industry and vegetable oil (excluding com  oil)
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industry. The profit function for each industry was specified as a translog functional form 

and one output supply and two factor demand models were estimated for each industry.

The results suggest that the supply curves for meat and meat products, cereal 

grain flour, livestock feed and vegetable oil are upward sloping. The results also indicate 

that the demand curves for slaughter cattle, wheat, feed barley, canola and labour are 

downward sloping. Own-price elasticity measures evaluated at the mean o f  the period 

1991-1996 are larger in absolute value than estimates that are based on the sample mean 

which covers the period from 1974-1996. The results portray labour and farm 

commodities as complements in the food production process. The elasticity measures 

have signs that make economic sense and may be of interest for policy analysis. 

Regarding the issue of the existence o f market power held by processors, there is no 

evidence of non-competitive behaviour in any of the commodity markets examined. The 

absence of non-competitive behaviour may be attributed to the structure of the 

commodity markets as well as other factors such as the increased competition from world 

trade that has accompanied technical change, and increased scale of food processing 

operations. In conclusion, it should be pointed out that the approach employed in the 

study may be useful in other empirical evaluations of potential imperfections and 

distortions in the domestic market for farm commodities.

Future research concerning the operations o f  the Canadian food processing 

industry may improve the present study in a number o f  ways. First, the sample period 

used in the study may not be long enough to evaluate any significant changes in the 

operations of the Canadian food processing industry. It is always preferred to have more 

and better data in empirical work. Second, it may be desirable to enhance the database of

92

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the processing sector, especially as this relates to the disaggregation o f  farm commodities 

and the inputs used and output produced by these industries. T he database as it now exists 

and used here is highly aggregated. With a relatively less aggregated data, estimation of 

output supply and factor demand functions could be accomplished in order to examine 

non-competitive behaviour in both output and input markets.
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Table 3.1: Processing Sector Variables: Definition and Sources o f Data1

V a r ia b le D efin itio n Source
Value o f  output

SIC 1011 

SIC 1051 

SIC 1053 

SIC 1061

Value o f  manufactured goods CANSIM D 907976 & D662312  

CANSIM D 9 10352 & D662389  

CANSIM D 9 10703 & D662411 

CANSIM D 912S36 & D662422

C ost o f  farm  com m odity
All industries Cost o f  manufacturing materials Statistics Canada cat #  31-203

Cost o f  labour
All industries Production workers wages Statistics Canada cat #31 -203

C ost o f  energy

SIC 1011 

SIC 1051 

SIC 1053 

SIC 1061

Cost o f  fuel & electricity CANSIM D 907974 & D 662314  

CANSIM D 9 10350 & D 66239I 

CANSIM D 9 10701 & D662413  

CANSIM D 912S34 & D662424

Industry Product price

SIC 1011 

SIC 1051 

SIC 1053 

SIC 1061

Industry Product Prices Indexes CANSIM PI60S  

CANSIM P I6 1 1 

CANSIM P16I2  

CANSIM P I606

Farm com m odity price  

SIC 1011 (slaughter cattle) 

SIC 1051 (wheat)

SIC 1053 (barley)

SIC 1061 (canola)

Calgary/Southern Alberta price. 

"I CWRS" Final realized price2 

"L CW ” Final realized price'1 

"1 Canada" price

Agriculture Canada) 

Canadian Grain Council 

Canadian Grain Council 

Canadian Grain Council

W age
SIC 1011 
SIC 1051 
SIC 1053 
SIC 1061

Average production workers wage Statistics Canada cat # 31-203

Energy price 
All industries Consumer price index for energy CANSIM P1002S8
1 The data series are presented in Appendix 3c.
'  CWRS is an abbreviation for Canada W est Red Spring 
J CW is an abbreviation for Canada West.
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Table 3.2: Kstimatcd Coefficients lor the Processing Sector M odels1.

Meat & M eal Products 

Industry M odel

Cereal Grain Flour 

Industry M odel

L ives tock  Feed  

Industry M odel
V egetab le  Oil  

Industry M odel

Meat Cattle Labour Flour W heat ! Labour Feed Barley Labour Oil Canola Labour
.Supply Dem and Demand Supply Dem and Dem and Supply Dem and Dem and Supply Dem and Dem and

Intercept -1 2 .0 3 6 “ 11.55" 3.778" -1 .2 0 7 3.271 1.061 -2 ,1 4 9 2 .964 0 .5 6 7 2 .1 9 6 -0.961 0 .0 0 9

W age -0.183" -0 .0 0 9 -0.210" -0 .2 5 6 0 .0 3 7 -0 .2 7 0 - 0 .1 9 0 0 .0 3 0 -0 .2 0 3 -0 .0 7 9 -0 .0 1 0 -0 ,047

Capital 1.038" -0.953" -0.329" 0 .3 1 6 0 .4 0 2 -0 .1 4 9 0.441 -0.405" -0 .1 1 0 0 .1 1 2 -0 .1 1 3 -0 .013

Meat price 0 .0 7 5 0 .0 5 0 0.183"

Cattle price - 0 .0 5 0 0 .0 6 8 -0 .0 0 9

Flour price -0 .1 1 7 0.348" 0 .2 5 6

W heal price -0.348" 0.251" 0 .0 3 7

Feed price 0 .0 2 3 0 .1 3 4 0 .1 9 0

Barley price -0 .1 3 4 0.120" 0 ,0 3 0

Oil price -0.228" 0.260" 0 .0 7 9

Canola price -0,260" 0.232" - 0 ,0 1 0

C att lc -P M D 2 2 .0 5 4 1’ 0 .0 1 9 0 ,1 0 8

W heal-PM I) 3.505" 0 .3 7 9 0 .1 1 8

Barley P M D 5.670" -2.431 -0 .2 3 0

Canola P M D 3 .4 1 6 -1 .0 3 6 0 .121

R-squared 0 .9 6 0 .9 4 0 .7 4 0 .7 7 0 .5 4 0 ,6 5 0 .8 2 0 .7 8 0 .5 4 0 .9 4 0 .9 3 0.84

o-squared 0 .0 1 2 0 .0 0 9 0 .001 0 .0 9 9 0 .0 4 8 0.001 0 .0 6 8 0 .0 4 0 0 .001 0 .0 1 8 0 .0 1 3 0 .0 0 0

D -W  statistic 2 .9 2 .8 2.9 1.4 1.4 1.7 2.2 2.2 2.2 2.1 2.1 1.4

1 ‘a ’ i n d i c a t e s  a s y m p t o t i c  s i g n i f i c a n c e  at th e  5 %  l e v e l  a n d  ‘b ’ i n d i c a t e s  a s y m p t o t i c  s i g n i f i c a n c e  a t  t h e  1 0 %  l e v e l .
■ P M D  r e f e r s  t o  p r i c e  " m a r k - d o w n ” .
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Tsiblc 3.3: Estimated Elasticity Measures for the Processing Sector Evaluated at 1974-1996 M ean 1

VOC\

M e a l  p r ice  

C a tt le  pr ice  

F lo u r  p r ice  

W h e a l  pr ice  

F e e d  p r ice  

F a r l e y  pr ice  

O il  p r ice  

C a n o la  pr ice  

C a t l l e - P M D J 

W h e a t - P M D  

B a r le y  P M D  

C a n o la  P M D

W a g e

M e a l  &  M e a t  P r o d u c t s  

In du stry  M o d e l

M e a l

S u p p ly

0.586“

1.195*

1.336"

- 0.002

C a tt le

D e m a n d

-1.496*

-0.172“

0.015

-0.124“

L a b o u r

D e m a n d

0.032

-1.309“

0.925

-0.922

C e r e a l  G ra in  F lo u r  

In d u stry  M o d e l

F lo u r  : W h e a l  

S u p p l y  I D e m a n d

L ' .
D e m a n d

0.625“ | -1.362“ 

0.841“ ! 0.193"

2.068“

-0.019

0.362

-0.097“

0.238"

-0.767“

0.888

-1.166

L i v e s t o c k  F e e d  

In d u str y  M o d e l

F e e d

S u p p j y

0.588

1.131“

3.604"

-0.041

B a r le y

D e m a n d

-1.463“

-0.117“

- 2.000

-0.055“

Li.!
D e m a n d

0.809

-0.841“

-2.883

-1.629

V e g e t a b l e  O i l  

In d u str y  M o d e l

O il

Supply

0.385“

1.130“

C a n o la
D e m a n d

-1.334“

- 0 . 120“

2.227

-0.015

-0.875

-0.044“

‘a ’ indicates  a sym p tot ic  s ign if ica n ce  at the 5%  leve l  and ‘b ’ indicates  asym ptot ic  s ign i f ic a n c e  at the 10% leve l.
P M D  refers to price "m ark -d ow n ”.

L a b o u r
D e m a n d

0.644

-1.583“

3.321

-0.318

89 79



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table 3.4: Estimated Elasticity Measures for the Processing Sector Ev ' ' ‘ at 1991-1996 M ean 1.

so-j

Meat & Meat Products 
Industry Model

Cereal Grain Flour 
Industry Model

Livestock Feed 
Industry Model

Vegetable Oil 
Industry Model

Meat Cattle Labour Flour | Wheat Labour Feed Barley Labour Oil Canola Labour
Supply DemancL Demand Supply Demand Demand Supply Demand Demand Supply Demand Demand

Moat price 1.223" -2.159" -1.174" 1

Cattle price 1.665" -0.648" -1.741" i

Flour price 1.436" I -2.227" -1.174"

Wheat price 1.222" : -0.178" -1.174"

Feed price 1.256" -2.165" -0.727

Barley price 1.609" -0.597" -1.430

Oil price 1.116" -2.072" -0.419

Canola price
1 1.665" -0.652" -2.017"

Callle-PM D2 0.928" 0.011 0.599
i
,1

Whcal-PMD 1.412" -0.279:
0.596

Barley PMD 1
! 2.525" -1.457 -1.837

Barley PMD
!! !

j
1.540 -0.637 2.745

Wage 0.096" -0.186" -0.348 0.095 -0.171" -0.562 0.041 -0.107" -0.749 0.008 -0.050" -0.103

I ‘a' iiuiicatcs asym ptot ic  s ign if ica n ce  at the 5% leve l and *b’ i iu licaies  a sym p tot ic  s ign i f ic a n c e  at the 10% level.
‘ I’M D  refers to price “mark-down".
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Appendix 3a: Converting Effective Marginal Cost into Elasticity Measures

The first order condition o f the profit function (3.09) with respect to c/ is expressed as:

d n 1
d q 1 = P

d x J
d q 1

-  i v  +
(/ dw(q)  d q  

d q  d q J
=  0

W Cf
Multiplying the expression in parenthesis by — -  and rearranging, we obtain:

w q

d x J 
d q J

— IV -f* w 
L  V

d ir q 
d q  u-

cl J
d q 1 q

In elasticity form the above expression becomes:

d x J 
d q '

— n- I +
9

w here
d q J q

and
dq  u' 
dii' q
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Appendix 3b: Expression for the Oligopsonistic Price “Mark-Down.”

Following Hyde and Perloff (1994), the expression for the o ligopsonist’s price “m ark

down” fa c to r(3 .1 3 ) is:

p  dx
l i  =  —  ■

w dq

M ultiplying the expression on the right hand side bv — — and rearranging, we obtain:
' a : q

f  \ f  -\ \p x  -
u -q

dx  q 
d q  x

In elasticity form the above expression becomes:

=

i e d x  q where c  -   ------
d q  x

and OT, =
n'cI
p x
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Appendix 3c: Data Series Used for the Processing Sector Model

Year
Meals

shipment
FI»*ur

shipment
1'CcJ

shipment
Otis

shipment
Meats

materials
Fl»»ur

materials
Feed

materials
Oils

materials
Meats: 

laKtur e»»si
Fl»»ur 

laKiur c*»st
FurJ Oil'

laKiurci'st laN'iifenst
Meats

age
Flour
u.ui:c

FcurJ
wauc

Oil'
nurc

1974 3578951 478612 1221640 295628 2919992 350613 1011966 266693 231702 32331 46169 5232 4.58 4.76 3.9 4.32

1975 382S825 561853 1256696 283978 3097744 399614 1020942 250739 278193 37023 55729 5650 5.41 5.38 4.37 5.24

1976 3989997 602100 1292509 312405 3 17 5 5 4 1 424613 1037624 274139 318457 4 3 166 59014 7903 6.04 6.16 5.08 5.95
1977 4258363 617450 1366746 437357 3400472 427331 I0S9I69 393363 344641 47801 62867 10471 6.58 6.54 5.56 6.49

1973 5515356 657053 1532794 493256 4573543 453118 1213912 42836I 367791 50742 72900 12433 6.94 7.1 6.04 6.79

1979 6587413 79S59I 1895822 595540 5492493 5 7 3 189 I5346I6 540809 399014 56958 80962 13815 7.56 7.58 6.58 7.76

I9S0 6829435 923117 2280731 738329 5719259 669106 IS442S3 640896 453464 60771 92528 17713 8.29 8.45 7.23 8.97

1981 7574855 1216549 2524205 329029 6301529 303693 2053444 721911 513858 76104 101098 21856 9.32 9.55 8.12 10.14

1982 7919954 1206749 2 4 17329 722455 6630576 739604 1910956 651789 553513 84475 105966 23 390 10.35 10.66 8.78 11.57

1983 7S53666 11S2264 2505133 334 [ 76 6414043 749198 1972869 776491 572554 9I3S 2 110913 23418 11.38 1X09 9.4 1X22
1984 8277233 1223243 2660167 964225 6759604 810582 2107257 858737 559652 98810 116408 23852 11.46 1X73 9.39 13.54

1985 8248452 1305392 2623730 987059 6803941 840987 2002631 866931 569461 103164 124101 23824 11.6 1X97 10.25 14.4

I9S6 3530573 1395355 2536736 732119 6925099 S99359 1908457 636456 591572 114287 126999 21589 11.95 14.14 10.66 14.8
19S7 9 128650 1457673 2490325 771SS3 7697472 1213379 2186501 707225 63S90I 120616 132759 23461 12.34 14.62 11.08 14.97
1938 8743910 14SS6S2 2913482 967936 6827500 926800 2250200 792100 662947 122534 I53287 23592 12.73 15.11 11.51 15.14

1989 S72277I I526345 3091085 854412 6962200 9029(H) 2403500 717000 701173 126274 164607 23094 13.04 15.77 11.9 15 07
1990 S962603 14274S6 2773491 303906 70S ?I00 S0381H) 2044600 658400 702200 123733 I5S700 21379 13.15 16.77 1X79 16.27
1991 8486684 1314990 261286I 327967 65309<XJ 6924(H) 19244(H) 682200 694013 117516 155863 19012 13.74 17.64 13.13 16.99
1992 S52I200 I4 4 I899 27 17800 974311 63S7SOO 732SOO 19S2700 759000 739361 I2434S 164753 21361 13.68 17.58 13.6 16.26
1993 9215512 1503196 2S8079I 1065671 72584(H) 8062(H) 2121HHK) 883600 740300 134463 173499 24056 13.6 18.62 13.9 18.21
1994 9530425 1705581 3170025 1412581 74697(H) 9683(H) 23382(H) 1071700 770I50 I30S67 178803 26911 14.08 18.27 13.96 17.79
1995 9637489 1309862 3456731 178 13 4 1 7435<HH) 10215(H) 26215(H) U14200 805416 129390 I79S02 31533 14.45 13.28 14.35 18.28
199610202373 I9S7474 4022453 1909663 7805400 I I66(HM) 3055300 1602100 815332 129855 186036 29398 14.14 17.84 14.1 IS.84

continued on next paste
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Appendix 3d: Data Series Used for the Processing Sector Model

t'ear M eats
energy

cost

Flour
energy

cost

Feed
energy

cost

Oils
energy

cost

M eats
price

Flour
price

Feed Oils price 
price

Wheat
price

Barley
price

Canola
price

Cattle
price

CPI 1Energy
c p f

Interest
Rate

1974 20006 3389 11679 2508 51.3 41.4 6 1 2 107.8 164.39 107.05 318.95 846.68 31.1 218 10.51

1975 24897 4212 11981 3245 55.3 41.7 61.4 95.8 146.27 104.06 226.8 707.52 34.5 25.9 7.94

1976 30393 5480 14586 4654 54.4 41.8 6 1 9 93.6 117.15 91.5 28113 675.22 37.1 29.9 9.17

1977 33772 6610 17246 6266 55 42.6 66.3 108.9 120.3 88.39 295.94 727.65 40 33.5 7.48

I97S 37389 7646 20037 7590 70 45-1 68 104 160.53 91.03 304.77 1089.6 43.6 36.6 8.83

1979 43873 8626 23502 S746 S l.5 61.9 79.3 114 196.43 107.47 309.04 1517.92 47.6 40.2 1107

I9S0 54342 9708 28587 10835 81.6 71.3 87.1 110.1 2 2 112 146.55 329.35 140243 5 2 4 46.6 13.15

I9SI 65387 11962 35105 13953 S5.S 83.9 95.1 U I.6 199.62 131.07 325.19 1330.31 53.9 60.6 18.33

1982 76931 14179 47063 17199 91.2 81.4 91 104.4 19134 110 306.99 1260.4 65.3 7 1 6 14.15

I9S3 8 1063 I5I64 51675 I91SS 00 <£> 82.1 96.2 113.2 193.98 138.02 455.44 1305.09 69.1 78.3 9.45

1984 80478 161SI 54672 17393 93.7 S7 4 99.9 134.4 1S6.37 131.3 3S6.04 1365.49 7 2 ! 8 1 6 11.19

1985 82878 17259 55980 19336 93 92 93.9 I IS.2 160 110 301.4 1261.5 75 87 2 9.56

1986 8 0 8 3 1 18879 51608 16934 97.4 mo 91.9 1014 130 so 239.7 1319.03 78.1 8! 9 16

1987 S2S05 19073 51175 17659 101.5 100.7 90.4 93 134.02 74.08 303.35 1339.82 81.5 83.1 8.38

I93S S377S 19175 57089 16977 99.8 103.6 103.4 115.2 197.14 124.23 337.4 1325.44 84.8 83.6 9.67

1989 86905 19967 55258 16173 98.9 105.7 107.3 110.2 17111 124.38 303.72 1307.74 89 86.5 1121

1990 90233 19515 52S60 16856 103.2 99.3 103.5 103.1 135 90 2S7.72 1749.73 93.3 95.1 13.03

i 99 [ 92346 20615 55999 16324 100.6 92.8 99.5 98.5 134.14 107.59 274.85 1677.88 98.5 99.7 8.91

1992 97600 2267S 52700 17053 100 1045 100 100 156.S2 10146 321.61 1643.45 100 100 6.74

1993 103502 25743 56630 19323 110.2 111.3 1016 111.9 164.01 99.94 391.38 1857.08 10I.S 101.2 4.97

1994 113520 30025 63739 24672 112.4 120.9 107 128.S 195.59 101.94 4 1 118 19 0 1.99 102 I01.S 5.66

1995 108548 2720! 64619 27563 : 14. i 130.8 1112 127.S 254.16 205.49 479.8 1S33.S5 104.2 103.2 7.22

1996 109166 27919 63109 23371 121.7 [42.7 129.7 136.1 208.2 150.97 441.1 1734.96 105.8 106.2 4.35
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4. CANADIAN RETAIL D E M A N D  FO R  FOOD

4.1 Introduction

V alue-added policies by the various levels o f governm ent in Canada are directed 

tow ard stim ulating or changing the dem and for farm com m odities. Long-term grow th in 

value-adding activities depends prim arily on growth in effective demand for value-added 

products. Therefore, in the long-term, consum er response to changes in food prices and 

incom e is paramount if the objectives o f value-added po licy  are to be achieved.

S tudies o f food dem and in Canada as in some o ther nations have revealed that the 

relative im portance of som e m ajor food groups is changing. The relative im portance o f 

meats, especially  red meats, has declined and poultry and  o ther food groups, especially 

com plex carbohydrates, fresh vegetables and fruits, are becoming more im portant 

(A griculture and Agri-Food Canada 1990). For red m eats, there seems to be a consensus 

am ong researchers that there has been a change in dem and (Reynolds and Goddard 1991; 

Xu and Veeman 1996:) although the precise cause o f this continues to be debated. Some 

studies suggest that the trend in food consumption over the past two decades may be due 

to the effects o f changing relative prices, convenience and  rising popularity o f fast-food 

restaurants (Alston and Chalfant 1991; Brester et al. 1997; Eales 1996). O ther studies 

have attributed the changes in food consumption patterns to rising incomes, health 

consciousness, dem ographic trends, and rising popularity o f ethnic meals (Agriculture 

and A gri-Food Canada 1994; Beggs et al. 1993; Quagrainie 1995; Ward and Moon 1996). 

The nature o f changes in the dem and for food and their underlying causes are o f interest 

to the food industry and policy makers.
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M uch research on food demand appeals to the fram ew ork o f  short run constrained 

utility m axim ization, where consumers are assum ed to fully adjust to price and income 

changes instantaneously. However, Anderson and Blundell (1983) suggest that 

consum ers are unlikely to have adjusted to equilibrium  in every tim e period. Habit 

persistence, adjustm ent costs, incorrect expectations and m isinterpreted real price 

changes are among many possible reasons for such short run behaviour. Studies have 

reported im provem ent in the performance o f dem and m odels when habit persistence is 

incorporated (e.g.. Chen and Veeman 1991: McGuirk et al. 1995). It has been suggested 

that appropriate m odelling of the dynamic adjustment o f  consum ers’ expenditure is 

im portant (Deaton and M uellbauer 1980b, p. 373-377; Pollack and W ales 1981).

This com ponent o f the thesis contributes to the literature on consum er demand in 

two m ajor ways. First, unlike many previous studies, this study investigates both short 

run and long run dem and patterns for food in Canada. C onsum er response is partitioned 

into both short run and long run for a better prediction o f consum er response to changes 

in econom ic factors. Second, this study constructs and estim ates a com plete system of 

consum er dem ands for food, placing emphasis on meats. M any studies have estimated 

partial dem and systems focussing on subsets o f  food groups that are viewed as being 

separable. With such dem and specifications, the potential grow th in effective demand for 

food m ay be better predicted. This can be useful for policy purposes.

This portion o f the thesis is organized as follows; the following section outlines 

the theoretical framework for the models that are used. In this section an outline of the 

A lm ost Ideal Dem and System (AIDS) model o f Deaton and M uelbauer (1980a) is given. 

Following this the data and estimation procedure used in the study are outlined. Results
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are then presented and com pared with results from som e previous studies. F inally, some 

conclusions are drawn concerning the use of the static demand models versus dynamic 

modelling, and the im plications o f the results for policy.

4.2 Theoretical F ram ew o rk

The fundamental theory o f consum er dem and and properties of consum er demand 

functions and their applications are outlined in standard microeconomics textbooks. 

Exam ples are Varian (1992) and Deaton and M uellbauer (1980b). In this section 

however, some theoretical assum ptions are highlighted and the estimation m odels are 

presented.

4.2.1 Separability Assumption

The theoretical framework that is em ployed makes use o f the separability 

assumption in applied demand analysis. The separability assumption may be applied in 

two ways. First, it allows individuals to determine optim al expenditures on food based on 

a two-stage budgeting procedure. In this study, individuals are assumed first to allocate 

their disposable income to expenditure on food consum ed at home, food consum ed away 

from home and non-food goods. Consumers then allocate total consumption expenditure 

on food consumed at hom e between expenditure on m ajor food groups, i.e., m eats, dairy 

foods, cereal and bakery products, and other foods (Figure 4.1). Thus, the separabilty 

assumption permits a specification and estimation of a complete demand m odel, which 

accounts for the first stage of income allocation.

109

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Second, where aggregation across commodities or tw o-stage budgeting is not 

possible:, the separability assumption also permits the specification and estim ation of a 

subgroup o f goods in isolation from o ther goods, e.g., empirical analysis o f the demand 

for m eats. Most of the studies o f the dem and for food have been conducted under this 

form o f separability assumption. The problem  with this approach is that the first stage 

income allocation is not specified. Thus, the resulting elasticity estim ates from the 

dem and functions are not appropriate for policy purposes.

En this study, the full dem and model involving the specifications o f the first and 

second stages of income allocation is estim ated. The empirical specifications apply the 

general dynam ic model developed by Anderson and Blundell (1983). This permits the 

investigation of the short run and long run demand patterns o f  food in Canada. This 

general dynam ic model conforms to orthodox demand theory and allow s partitioning of 

the dynam ic model into long run and short run components. T he dynam ic model is 

applied no the linear version of the alm ost ideal demand system (LA ID S).

4.2.2 The Alm ost Ideal D em and System (AIDS)

T h e  almost ideal demand system  belongs to the family' o f flexible demand 

systems and is derived from a specific class o f preferences, known as the price- 

independent generalized logarithmic (PIGLOG) class. The cost function from this class 

o f preferences is written as:

In c(p.u)  = a t) + a , In p i + 0.5]T In p i In p i + u{30 n  pf-  (4.01)
'  '  J

where cQp.u) is the minimum expenditure necessary to attain a given level o f  consumer 

utility u, at given prices p. The cost function of (4.01) is invertible, by which a closed
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form  expression can be derived for the utility function, u. The orthodox alm ost ideal 

dem and system specification, obtained from (4.01), is o f  the form:

where c,- is the share o f good i in consum er expenditure (piXi /M ), and xt is the retail 

quantity  o f commodity i; pj is the price o f good j; M  is the total expenditure on food; and 

P  is a price index defined as:

The alm ost ideal demand system  specification of (4.02) is non-linear because o f the price
/

index P. A linear version o f the alm ost ideal dem and system  specification (LAIDS) 

involves the use o f S tone’s price index, [In P' — Zy- cy log(/?/)], instead of the price index of 

(4.03). The LAIDS is applied in this study because it is known to approximate the non

linear AIDS model quite well (Asche and Wessels 1997; Deaton and M uellbauer 19S0a; 

W ellm an 1992). The theoretical properties o f (4.02) require the following restrictions on 

the parameters:

+  X  a u In Pj  + A  !n ^ (4.02)

(4-03)

J ot, = 1, £ « „ = 0 ,  and £ A = 0 (4.04)

Substitution of (4.03) and (4.04) into (4.02) and rearranging gives:

n n - i

(4.05)

In a more compact form expressed as a vector, (4.05) becom es:

c = n ( © ) x (4.06)
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where n  is the function; X is a matrix containing an intercept, log price, the income term 

and the transform ed log price terms: and © is a vector o f param eters. The vector o f 

parameters can be derived from non-linear restrictions on the function FT. The 

formulation in (4.05) and/or (4.06) corresponds to long run preferences and there are 

nested restrictions that can be tested on the long run parameters. The general long run 

formulations, nested restrictions, and their implications for dem and elasticities are 

described in Anderson and Blundell (1982, I9S3). The form ulations in Anderson and 

Blundell (1982, 1983) as applied to the linear version of the alm ost ideal demand system 

model are presented below.

4.2.3 The Flexible Dynamic LAID S M odel

Given a time series of T  observations on budget shares, price and per capita 

income, a general first-order dynamic model o f (4.06) may be w ritten a s16:

A c, = A * A X , -  B * (c,_, -  ri(© )X ,_,) + £, (4.07)

where A  represents the First difference operator; A* and B* are appropriately dimensioned

matrices of coefficients; and £, is a vector o f disturbances assum ed to be singular, 

independent and identically distributed over time. Anderson and Blundell (1982, 1983) 

show that an estim able form of (4.07) may be written as:

A c, = A A X , -  Z?(c,_, -  n(0)X,_,) + e, (4.0S)

16 Applied economists commonly use the first difference o f  the LAIDS model in demand analyses. This 
first difference was developed by Deaton and Muel I bauer (l9S0a) and has subsequently been used in 
numerous studies (e.g.. Alston and Chalfant 1991: Moschini and Moro 1993; Reynolds and Goddard 1991).

112

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



where A  and B are n x (/z-1) dim ensional matrices of coefficients and X f is Xf with the

constant term  excluded. Parametric restrictions on A and B and identification issues are 

outlined in Anderson and Blundell (1982, 1983).

The formulation in (4.0S) is a general first-order dynam ic model applicable to a 

demand system  that distinguishes short run and long run responses to changes in market 

conditions. Following Anderson and Blundell (1983), Burton and Young (1992, 1996), 

and Asche et. al (1997) a dynam ic linear version of the alm ost ideal demand system 

model o f the form (4.08) may be expressed as:

-  c ,r-. = + X  a.j In Pj, . , + a i0 In A C , ~  <V ,)

p . M ~ (4'09)
+ X Ay *n(——) + Ao ln(TTTC i, J  = 1,-. n

i Pj'-i M  ,-i

where AT is total expenditure deflated by Stone’s price index; X is a coefficient that 

measures the speed of adjustment: the parameters os are long run responses; and the 

parameters /3s are short run responses. The model can be estim ated to impose theoretical 

properties o f demand functions, i.e., adding-up, homogeneity and symmetry, that is: 

Adding up: X « .  = l: X a . / = 0 : X a -o = 0 : X  Ao =0 (4.10)
l  t  i  t

Homogeneity: X a v = X  Ay = 0 (4.11)
J J

Symmetry: a tj = a p ; Pl j = P ji (4.12)

In equation (4.09) current changes in budget shares depend on current changes in 

prices and expenditures as well as on the extent of consum er disequilibrium  in the 

previous period.
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4.3 Empirical Models

As m entioned earlier, a two-stage budgeting procedure is assum ed in the analysis. 

Individuals are assum ed first to  allocate their disposable incom e to expenditure on food 

consumed away from  home, food consum ed at hom e, and non-food goods. Total 

consumption expenditure on food  consum ed at home is then allocated to expenditure on 

beef, pork, chicken, dairy foods, cereal and bakery products, and other food groups (see 

figure 4.1). The separability structure in Figure 4.L postulates three major groups o f 

goods namely food consum ed aw ay from home, food consum ed at home and non-food 

goods. Within the food consum ed at home group, beef, pork, chicken, dairy products, 

bakery products and  other foods are identified17.

Specifically, the first stage income allocation is specified  for food consumed away 

from home (FA), food consum ed at home (FH), and non-food goods (NF) as:

where c„ is the expenditure share o f com m odity group i in period r; pj  is the price index o f 

commodity group j :  AT is total expenditure deflated by S to n e’s price index [In P" =  'Lj Cj 

log(/?y)],; /. is an adjustm ent coefficient; the parameters as are long run responses; and the 

parameters as are short run responses.

The second stage incom e allocation is specified fo r beef (B), pork (P), chicken 

(C), dairy products (D), bakery products (K) and other foods (O) as:

17 For policy purposes, it may have been appropriate to specify and estim ate a more disaggregated form o f  
commodity categories, e.g.. housing, clothing, transportation, beef, pork, chicken, milk, cheese, etc. in the 
second stage. Estimation o f  such com plete disaggregated specifications would involve many equations and

A (a , + V  a .. in p ^  + a .0 In M*_, -  c„_,)

A /f (4.13)
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+  Z  “ h  ln  Ptf-I +  “ -to ln  F i - l  -  C*r-l)
/

(4 .1 4 )
£,/ = B,P,C,D, K ,0

where c*, is the expenditure share of good k  in period t; p t  is the price (or price index) o f 

good k; H F  is expenditure on food consum ed at home deflated by Stone’s price index [In 

P =  2* Ck Iog(/?*)]; A. is an adjustment coefficient: the parameters us are long run 

responses; and the param eters us are short run responses. The adjustm ent coefficient X, is 

the same in each equation and in a steady state, (4.13) and (4.14) reduce to functions 

sim ilar to (4.02). Thus, one o f the hypotheses to be tested in this study is whether X 

equals one. Non-rejection o f the null hypothesis implies that consum ers adjust to 

equilibrium  instantaneously from a disequilibrium  due to price and income changes.

The flexible dynam ic linear version o f the alm ost ideal dem and system  specified 

in equations (4.13) and (4.14) are estim ated jo in tly  and simultaneously using the non

linear version o f the iterative seem ingly unrelated system regression procedure o f 

SHAZAM  (version 7.0). To avoid singularity o f the variance-covariance matrix, the 

equation for ‘'other foods” is deleted in the estim ation process. The properties of 

homogeneity and sym m etry are maintained for both stages. A total o f 58 param eters are 

estim ated with 7 equations (2 equations for the first stage and 5 equations for the second 

stage). The estimated coefficients include an adjustm ent coefficient, 12 param eters for 

the first stage and 57 param eters for the second stage.

a problem with degrees o f  freedom. For practical necessity and interest in the livestock sector, this study 
considers only the meats category in the disaggregated form.
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4.4 Data Requirements

Annual data from 1961 to 1997 are used for the study. The definition of variables 

and the sources o f  data are repoited in Table 4.1. Most o f the data used are obtained from  

the Statistics Canada database, CANSIM . Annual expenditures from the system  o f 

national accounts o f Statistics Canada provided data on consum er expenditure in both 

current and constant dollars (1992 prices). Because the constant price expenditures are 

essentially fixed-weights or Laspeyers quantity indices, the im plicit price for a category 

is obtained by dividing current by constant price expenditures (M oschini and M oro

1993). S tatistics Canada is also the source o f quarterly expenditures on broad aggregates 

of consum er goods and services and consum er price indices (CPI) for the aggregates as 

well as for specific food categories. Expenditure data on the non-food group is calculated 

as the total personal expenditure on goods and services m inus total personal expenditure 

on food consum ed at home and food consum ed in restaurants and hotels. The calculation 

is done in both current dollars and constant dollars. The ratio o f the two generated series 

provides an implicit price index for the non-food group.

Although the data obtained from Statistics C anada provided much o f the 

information required for the structure assum ed in Figure 4.1, no expenditure data are 

available on specific food categories such as beef, pork and chicken. To separate 

expenditure on meat products provided by Statistics Canada into expenditures on beef, 

pork and chicken, the procedure proposed by Moschini and M oro (1993) and Moschini 

and V issa (1993) is followed. This procedure is explained below .
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4 .4 .1  D i s a g g r e g a t i n g  M e a t  E x p e n d i t u r e s

The procedure proposed and adopted by M oschini and M oro (1993) and M oschini 

and Vissa (1993) uses data from the F ood  Expenditure survey (Statistics Canada, Family 

Food Expenditure in Canada). This survey provides periodic detailed average w eekly 

data on quantities purchased and expenditures on food by Canadian families. The 

nominal price for a food item is calculated as the ratio o f  expenditures to the quantities 

consum ed per household. Data are available for specific com m odities for the years 1969, 

1974, 1976, 197S, 19S2, 19S4, 19S6, 1990 and 1992. F o r beef, pork and chicken, the 

average prices calculated by Veeman and Peng (1997, p. 1 1) are used. Regressing annual 

nom inal prices through the origin on the corresponding annual consum er price index for 

the years produced the following results:

P „„  -  0.06S C P IW  R 2 =  0.93

(0.00 IS)

?p„rk = 0.054 C P I ^  R" = 0.98

(0.0005)

P.Vm Un = 0.041 C P I, w ,„ R 2 ~  0.91
(0.0013)

Standard errors are reported in brackets. Multiplying these estim ated coefficients by the 

whole series o f  consum er price indices for the period o f  interest yields estimated series 

for retail prices o f beef, pork and chicken.

The period defined for this study  is from 1961 to 1997, but consum er price index 

data for beef and pork obtained from  Statistics C anada begins at 1971 and 1978 

respectively. Price indices for earlie r years were unavailable from Statistics Canada. 

H owever, Chen (1991) reports retail price series for beef and pork developed from  an
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earlier consum er price series (1960 to 1987). The procedure outlined above was followed 

to develop consum er price indices for beef and pork for the earlier years that data are not 

available. Regressing the available annual consum er price index through the orig in  on the 

corresponding annual retail prices from Chen (1991) produced the following results:

C P I ^  = 12.772 R 2 =  1.00

(0 .002)

CPI,,,,, = 13.456 P ^  R 2 =1.00

(0.066)

Standard errors are reported in brackets. M ultiplying these estim ated coefficients by the 

com plete retail price series reported by Chen (1991) yields estim ates of consum er price 

indices for beef (1961 to 1970) and pork (1961 to 1977). These consum er price indices 

are then multiplied by the parameters from the earlier regression to obtain retail prices for 

beef (1961 to 1970) and pork (1961 to 1977).

The procedure em ployed above is not w ithout problem s. There is a potential for 

bias due to errors in measurem ent of the generated variables (Kennedy 1992). 

N evertheless, in view o f the low standard errors and high R-squared values obtained, the 

potential bias may not be a m ajor issue.

M ultiplying the generated retail prices for beef, pork and chicken by the 

corresponding quantity disappearances (retail w eight), gives estim ated expenditures for 

each of the three meat types. The share of each m eat category is then calculated from the 

estim ated expenditures as a ratio o f estimated expenditure for each meat type to total 

meat expenditure. The calculated shares (percentages) are used to allocate the total 

expenditure on meats reported by Statistics C anada to expenditures on beef, pork and 

chicken.
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4.5 Results and Discussion

The dependent variables are first differences o f shares, but right-hand side 

variables are varied. R ight-hand side variables applicable to the long run are one-year 

lags o f prices, expenditures and shares while variables applicable to the short run are first 

differences o f prices and expenditures.

The estim ated coefficients for the separable structure and their t-ratios are 

presented in Table 4.2. The estimate on the adjustm ent coefficient (a) is 0.435 and is 

statistically significant. The null hypothesis o f a steady state, i.e., that consumers fully 

adjust to price and income changes instantaneously (/«-=!), is tested. The null hypothesis 

is rejected using a W ald test at the 5%  level o f  significance. The implication is that 

consum ers do not fully adjust to price and income changes instantaneously, as is assumed 

in static m odels. Static dem and models assume a steady state w here consumers adjust to 

equilibrium  in every time period. This finding suggests that specifying and estimating 

dem and m odels in a static framework may not be appropriate. As Anderson and Blundell 

(19S3) point out, there are adjustment costs, expectations and varied interpretations o f 

real price changes so that consumers are unlikely to adjust to equilibrium  in every time 

period. The nature of the adjustment process is, how ever, an em pirical question.

The sign on the estim ated coefficients for expenditures from the model allows 

goods/com m odities to be classified as “luxuries” or “necessities.” Luxuries are 

com m odities whose expenditure shares increase with income (a,-o>0; a,o>0; Uko>0; and 

Ciko>0) and necessities are commodities for which expenditure shares decrease with 

income («,-«<0; ci;o<0; iiko<0; and um<0). In the short run, food consum ed away from home
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and the non-food group appear to be luxuries (aAo and a^o respectively in Table 4.2). The 

respective estim ated parameters are 0.019 and 0.063; both estimates are statistically 

significant. D airy products appear to be necessities in the short run (upo in Table 4.2). In 

the long run, bakery and beef products appear to be luxuries (uBo>0 and uko>0 in Table 

4.2).

4.5.1 Elasticity Estimates fo r  First-Stage Income Allocation

Short run and long run elasticity formulations from (4.13) and (4.14) are 

presented in Appendix 4a. Uncompensated and compensated price elasticity measures as 

well as expenditure elasticity measures are calculated at the means o f the sample period 

(1961-1997) and the 1990s (1991-1997) for each category. This is done for comparison 

purposes. Uncom pensated and com pensated elasticity estimates for the first-stage income 

allocation are reported in Tables 4.4 and 4.5 respectively. All o f the discussion and 

references to elasticity estimates given below apply to the estimated uncompensated 

elasticity measures at the means.

All own-price elasticity measures have the expected signs in the long run and the 

short run; each is relatively price-inelastic and all are significant at the 5% level. A test of 

the difference between the short run and the long run own-price estimates indicate that 

there is no statistically significant (5% level) difference between the two estimates. From 

Table 4.3, the m easures o f short run ow n-price elasticity of demand at sample mean for 

food consumed away from home and the non-food group are -0.692 and -0.976 

respectively. It appears that demand for non-food is relatively price elastic compared to 

food consumed aw ay from home in both the short run and long run. This suggests that as
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prices increase, there is a tendency  for consumers to be m ore responsive to changes in the 

price o f non-food items than to changes in prices o f  food at restaurants and  hotels. The 

short run own-price estim ates a re  comparable to those reported by M oschini and Moro on 

data from 1962 to 1988 (see T ab le  4.5). The studies by M oschini and M oro (1993) and 

Veeman and Peng (1997) reported  in Table 4.5 have been conducted in a short run 

framework.

The negative signs on the  cross-price elasticity estim ates reported in Table 4.3 

indicate that food consum ed aw ay from hom e and non-food item s are gross 

com plem ents. The expenditure elastic ity  measures for food consumed aw ay from home 

and non-food are all positive and. statistically significant at the 5%  level. In the short run 

and in the long run, results suggest that both categories o f  goods are expenditure elastic 

(greater than unity), i.e., as incom e increases, dem and for these goods increase far more 

than the increase in income.

Table 4.4 reports the com pensated price elasticity  measures for the first-stage 

income allocation. All ow n-price compensated elasticity  m easures have the appropriate 

negative sign and are statistically  significant at the 5% level. Thus, an increase in price 

with utility held constant must cause  demand for a good to fall. This finding confirms the 

"law o f dem and." that com pensated demand functions slope downwards. From  appendix 

(4a), the Slutsky relationship m ay  be written as [ E “ncomp =  E “ mp — tyc, ] so that the 

uncom pensated own-price e lasticity  is decomposed into own-price substitution effect 

( E “ncomp) and income effect (- /7 ,c, ) o f  a change in ow n-price. From this formulation, it 

can be seen that the own-price com pensated response is reinforced by the incom e effect 

thus, all the goods are deem ed norm al goods. Regarding cross-price effects, the signs on
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the com pensated cross-price elasticity  estimates suggest that food consumed away from 

home and non-food are substitutes.

In sum m ary, the results obtained in this com ponent o f  the study indicate that food 

consumed away from home and non-food goods are norm al goods and that the dem and 

curves for these goods are negatively sloped. All estim ated ow n-price elasticity measures 

are negative and statistically significant at the 5% level. F ood  consum ed away from hom e 

and non-food goods appear to be expenditure elastic. R egarding cross-price effects, 

uncompensated elasticity estim ates suggest that food consum ed aw ay from home and 

non-food items are com plem ents but the com pensated elasticity  estimates suggest they 

are substitutes. M oschini and M oro (1993) report the sam e findings.

4 .5 .2  E l a s t i c i t y  E s t i m a t e s  f o r  S e c o n d - S t a g e  I n c o m e  A l l o c a t i o n

U ncom pensated price elasticity estimates and expenditure elasticity estimates for 

the second-stage income allocation are presented in T able 4.6. The categories are beef, 

pork, chicken, dairy products and bakery products. C om pensated price elasticity 

measures are presented in Tabic 4.7. For comparison puiposes, the elasticity estimates for 

each category o f food com m odity are calculated at the m eans of the sample (1961-1997) 

and of the 1990s (1991-1997). However, in the discussion on elasticity estimates that 

follows, the focus is on elasticity measures evaluated at the sam ple means.

All own-price elasticity measures have the expected  negative sign and all 

expenditure elasticity estim ates have the expected positive sign. Measures of 

uncompensated own-price elasticity in the long run appear to be larger in size com pared 

to measures in the short run (Table 4.6). A test of the d ifference between the short run
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and the long run own-price estim ates indicate that there is no statistically significant (5% 

level) difference between the two estimates except the ow n-price estimates o f  beef. In the 

short run, measures o f own-price elasticity of dem and for beef, pork, chicken, dairy 

products and bakery products are -0 .558 , -0.430, -0.309, -0.535 and -0 .546  respectively. 

In the long run, the corresponding elasticity measures are -1.255, -0.453, -0.214, -0.888 

and -0 .654  (Table 4.6). The elastic nature o f beef dem and in the long run suggests an 

increasing possibility o f consum ers substituting other m eats for beef in the long run. The 

dem and for chicken and pork does not show any appreciable change in elasticity 

measures between the short run and the long run. The dem and for chicken is the least 

price-responsive among the food categories. This may be associated with the feature that 

Canadian consumers are increasingly substituting the consum ption of chicken for other 

meats. A variety of reasons has been given for this feature including the convenience of 

cooking chicken and that it contains less saturated fat (Eales 1996; Reynolds and 

G oddard 1991; Quagrainie 1995; and Xu and Veeman 1996).

Substitute relationships are found between beef and pork, beef and chicken, and 

pork and chicken. The relationships between beef and chicken, and pork and chicken are 

strong; all elasticity estimates in the short run and long run are statistically significant at 

the 5% level (Table 4.6). Results suggest com plem entary relationships between beef and 

bakery products, pork and dairy products, and chicken and dairy products although the 

estim ates are not statistically significant.

All the expenditure elasticity measures are statistically significant at the 5% level. 

In the short run, the demand for chicken, dairy products and bakery products are 

expenditure inelastic but demand for the three food products are expenditure elastic in the
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long run. For beef, there is not m uch change in the responsiveness o f dem and to income 

but demand for pork is expenditure elastic in the short run and expenditure inelastic in the 

long run. The implication is that with an increase in expenditure allocation for food 

consum ed at home, consumers will tend to spend more on chicken, dairy products and 

bakery products but not on beef and pork in the long run.

Comparison of results from  this study with those from  som e other studies can be 

made from Table 4.5. Since previous studies were conducted in the short run framework, 

short run elasticity estimates are compared. The estim ates o f  short run own-price 

elasticities from this study tend to  be somewhat lower for chicken and pork. While this 

study reports own-price elasticity estim ates for the demand fo r pork and chicken of -0 .43 

and -0 .31 respectively, Moschini and  Moro report -0 .62  and —0.72 for pork and chicken 

respectively. Veeman and Peng report -0 .75  and -0 .69  for pork and chicken respectively. 

For beef, the own-price elasticity measure from this study com pares well with that 

reported by Moschini and Moro. and for dairy, the own-price elasticity measure from this 

study compares well with that reported by Veeman and Peng. Expenditure elasticity 

estimates for the food groups also com pare well with the two cited studies except for 

pork and dairy. For these two item s, expenditure elasticity estim ates from this study are 

som ewhat higher than in the two noted previous studies.

Table 4.7 reports com pensated price elasticity estim ates for the second-stage 

income allocation. All the ow n-price elasticity estimates for the five categories of food 

are price inelastic. Estimated ow n-price compensated elasticities are statistically 

significant at the 5% level except fo r chicken. The demand for chicken exhibits the least 

own-price elasticity, which is consistent with the estimated uncom pensated elasticities. In
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the long run, the dem and for beef is own-price elastic with an estimated elasticity  

m easure o f —1.161. As alluded to earlier, the elastic nature o f  beef in the long run reflects 

the increased possibility o f substitution in demand w ith o ther meat products. This 

possibility is enhanced by the apparent cross price relationships between beef and other 

meats. The elasticity measures reported in Table 4.7, suggest strong substitution 

relationships between beef and pork, and between beef and chicken. The apparent 

consum er attitudes towards beef, suggested by the dem and parameters noted above 

should be of concern to the beef industry. M any other surveys and studies suggest that 

consum ers may have health concerns about beef and are w illing to compromise on taste 

in exchange for products perceived as healthy (Eales 1991; Quagrainie 1995). Thus, the 

beef industry must continue to improve the safety and perceptions o f its products and 

pursue product developm ent and consum er education initiatives concerning health and 

safety issues. The apparent elasticity o f beef demand in the long run also suggests the 

need for the beef industry to make beef products m ore price-competitive, through 

efficient production, processing and marketing o f beef products.

O ther substitution relationships in demand shown in Table 4.7 include beef and 

dairy products, beef and bakery products, and pork and chicken in the short run and in the 

long run. All the com pensated elasticity estim ates of the dem and for beef with respect to 

the price o f other products are statistically significant, except for the price of bakery 

products. The com pensated cross-price elasticity estimate o f  the demand for pork with 

respect to the price o f  chicken is statistically significant. This finding also reflects a 

challenge to the pork industry: in addition to the strong substitution relationship o f pork 

with chicken, the expenditure elasticity o f dem and for pork in the long run is inelastic.
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Substitution relationships are also found fo r chicken and bakery products, and 

dairy and bakery products, although these estim ates are not statistically significant. 

Com plem entary relationships appear to apply to pork and dairy, pork  and bakery 

products, and chicken and dairy. Sim ilar to uncom pensated elasticity estim ates (Table 

4.6), long run estimates of own-price and cross-price compensated elasticities are 

generally higher than short run estimates. This im plies that generally the dem and for food 

is more price responsive in the long term than in the short term.

4.6 Sum m ary and Conclusions

The purpose of this com ponent o f the thesis was to apply a flexible dynamic 

model o f dem and to derive a set of estim ates o f dem and for major m eat products and 

m ajor food categories in Canada. The hypothesis that consumers fully adjust to price and 

income changes instantaneously in every time period is tested. The results reported here 

reject this hypothesis, indicating that the basic assum ption of a steady state underlying the 

specification of static demand models may be wrong. Consumers do not m ake complete 

instantaneous adjustments but appear to be more responsive to changes in relative price 

and income in the long run than in the short run. It appears that static models may 

understate the adjustment in consum ers’ budget shares as real prices and incom e change 

over time.

The results reported here have some im plications for modelling and  predicting 

consum er behaviour. Specifying short run dem and models and incorporating sim ple habit 

persistence may not be appropriate. Estimated relative price and income responses may 

be biased and predictions of consum er behaviour based on such estim ates may be
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inaccurate. A more general dynam ic specification may be required to better predict 

consum er behaviour. This may be particularly im portant for policy analyses.

The results from the general dynamic specification em ployed in the study suggest 

that food consumed away-from-home and non-food goods are expenditure elastic, both in 

the short run and in the long run. The demand for chicken, dairy products and bakery 

products changes from being expenditure inelastic in the short run, to becoming 

expenditure elastic in the long run. For beef, expenditure elasticity in the long run is not 

different from the short run, suggesting that there is a tendency for consumers to spend 

more on goods/commodities o ther than beef as incom e increases. The dem and for beef is 

also found to be own-price elastic in the long run but not in the shorter run. Moreover, a 

strong substitution relationship appears to exist between beef and pork, and beef and 

chicken. These findings pose potentially serious challenges to the beef industry. 

Developing products that have increased value to consum ers at competitive prices, and 

responding positively to health, nutrition, and food safety concerns, will be steps in the 

right direction. For pork, expenditure elasticity declines in the long run and there appears 

to be a strong substitution relationship between pork and chicken. This finding should 

also be o f concern to the pork industry if it wants to maintain and/or increase its market 

share in the long run.

4.7 Suggestions for Further Research

Practical necessity and data availability restricted the estim ation o f demand for 

disaggregated food commodities. The commodity specifications used in the study were 

extrem ely aggregated and may be viewed as overly restrictive. Patterns of consumption
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o f individual foods o r food groups vary appreciably. A griculture and Agri-Food C anada 

(1990) reports that the relative im portance o f some m ajor food groups is changing. 

Consumption o f red meats has declined and consumption o f  poultry, fresh vegetables and 

fruits, are becom ing more im portant in Canadian diet. T hus, it is important to estim ate 

dem and using data series on disaggregated commodities when these are available.
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Figure 4.1: Postulated Separability Tree for Canadian Consum ers
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T a b le  4.1: Retail Sector Variables: Definitions and Source.

Variable Definition Source
Expenditure on food 
consumed at home

Annual personal expenditure on food & 
non-alcoholic beverages in current mS.

CANSIM D16096

Expenditure on food 
consumed away from 
home

Annual personal expenditure on 
restaurants & hotels in current mS. CANSIM D 16137

Expenditure on non
food

Total personal expenditure on goods & 
services less expenditure on food & 
restaurants & hotels in current mS.

CANSIM D 16141 
minus D 16096 & 
D16137

Price index of food 
consumed away from 
home

Ratio of restaurant & hotel exp. (current 
mS) and restaurant &. hotel exp. (constant 
mS - 1992 price)

CANSIMD 16137/ 
D16195

Price index of non
food

Ratio of non-food exp. (current mS) and 
non-food exp. (constant mS - 1992 price)

Calculated

Expenditure on beef 
products

Calculated using estimated prices and per 
capita disappearance Calculated

Expenditure on pork 
products

Calculated using estimated prices and per 
capita disappearance

Calculated

Expenditure on 
chicken products

Calculated using estimated prices and per 
capita disappearance Calculated

Expenditure on dairy 
products

Final Demand (current mS)
CANSIM I3S3506

Expenditure on bakery 
products

Final Demand (current mS) for wheat flour 
& starches; Breakfast cereal & bakery food 
snacks

CANSIM I3S3906 
and I3S4006

Beef products price CPI for beef CANSIM P I00005 
and Chen (1991)

Pork products price CPI for pork CANSIM P 100006 
and Chen (1991)

Chicken products price CPI for chicken CANSIM PI00009
Dairy products price CPI for dairy' products CANSIM P 100020
Bakery products price CPI for bakery and other cereal CANSIM P100027

130

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 4.2: Estimated Coefficients of the Flexible Dynamic LAIDS Model of

Retail Demand for Fooda.

Param eter Estimate t-ratio Param eter Estim ate t-ratio

X 0.435 14.183 UPD -0.002 -0.136
-0.003 -1.315 HpK -0.013 -1.629
0.024 3.944 ttpo -0.001 -0.313

a as -0.024 -2.904 tlpp 0.035 4.404
a,\o 0.010 1.271 Cl PC 0.010 3.192
flu 0.023 2.124 llpD -0.008 -1.759
Has -0.029 -2.626 tips -0.010 -3.042
«AO 0.019 2.SS3 tipo 0.02S 1.615
(is 0.010 0.923 llC 0.001 0.255
(tss 0.033 2.19S lice 0.022 2.038
(Iso 0.011 0.4S9 11 CD 0.010 0.751
d s s 0.069 4.327 It CK 0.014 1.457
(~l s o 0.063 3.737 11 CO 0.0004 0.234
it0 0.002 0.350 lice 0.019 3.847
Hub -0.022 -1.495 ! it CD -0.005 -0.S78
t‘BP 0.023 1.668 tics 0.006 1.149
llBC 0.013 2.00S ti co -0.0004 -0.062
l‘BD 0.004 0.54S llD 0.004 0.711
llBK -0.005 -0.7S3 H o d 0.015 0.545
t‘B0 0.004 1.S79 llDK 0.030 2.009
Ubb 0.040 6.501 11 DO 0.005 1.667
It BP 0.004 0.S01 11DD 0.053 4.419
ttBC 0.006 2.223 ltDK -0.010 -1.230
11BD -0.002 -0.4S9 Cl DO -0.034 -3.120
ttBK -0.004 - ! .252. 11K 0.010 2.415
Cl BO 0.009 0.575 11KK 0.029 1.798
Up -0.003 -0.506 It KO 0.004 1.951
tlpp 0.032 1.736 I ClKK 0.037 3.073
llpc 0.029 3.537 | 11 KO -0.007 -0.S54

the subscripts denote 0=expenditure; A=food consumed away-from-home; N=nonfood group; B=beef; 
4=Pork: 5=Chicken; 6=Dairy products; and K=Bakcry products.
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Table 4.3: Estimated Uncompensated Elasticity Measures for First-stage Income

Allocation o f Retail Demand for Food3.

Short run Elasticities Long run  Elasticities

FA NF EXP FA NF EXP

Evaluated at 1961-1997 

Food-Away (FA) 

Non-Food (NF)

-0.692"

-0.477"

-0.057"

-0.976"

1.270"

1.079"

-0.6SO"

-0.354"

-0.041"

-0.969"

1.145

1.014"

Evaluated at 1991-1997 

Food-Away (FA) 

Non-Food (NF)

-0.6S6"

-0.4S4"

-0.055"

-0.979"

1.275"

1.076"

-0.674"

-0.360"

-0.040"

-0.971"

1.147"

1.013"
3 indicates statistical significance at the 591 level.
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Table 4.4: Estimated Compensated Price Elasticity M easures for First-stage

Incom e Allocation o f Retail Demand for F ood11.

Short run Elasticities
-----prices-----

FA NF

Long run Elasticities
-----prices-----

FA NF
Evaluated at 1961-1997 

Food-Away (FA) 

Non-Food (NF)

-0.60 r*

0.375-1

0.034a 

-0 .123a

-0.59Sa

0.447a

0.040a 

-0 .l6Sa

Evaluated at 1991-1997 

Food-Away (FA) 

Non-Food (NF)

-0.597a

0.405a

0.034a

-0.090a

-0.593a

0.47Sa

0.040a 

-0.133a
a indicates statistical significance at the 5Cr level.
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T able 4.5: Com parison o f Estimated U ncom pensated Short-run Demand
Elasticity M easures with those from  O ther Studies.

This study Moschini Veeman
& M oro & Peng

(1961-97) (1962-88) (1979-93)
Stage 1:

Food a wav
Own-price

Expenditure
Non-food

Own-price
Expenditure

-0.692
1.27

-0.976
1.079

-0.52
1.05

-0.96
1.13

Stage 2:
Beef

Own-price -0.55S -0.50 -0.874
Expenditure 1.099 0.93 0.975

Pork
Own-price -0.430 -0.62 -0.752

Expenditure 1.4S5 1.00 1.013
Chicken

Own-price -0.309 -0.72 -0.691
Expenditure 0.9S4 1.51 0.933

Dairv
Own-price -0.535 -0.36" -0.593b

Expenditure 0.725 0.47 0.055
Bakerv

Own-price -0.546 -0.45
Expenditure 0.919 O.SS

a
The elasticity estimate is that of milk. In that study, cheese, other dairy' and butter are included in the 

system of equations as separate commodities.
The elasticity estimate is that of whole milk. In that study. low-fat milk and concentrated milk are 

specitlcd separately as part of the system of equations.
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T able 4.6: Estim ated U ncom pensated Elasticity M easures lor Food C onsum ed at Home",l,.

Short run Elasticities

Exp.

Loiigrun Elasticities

Exp.Beef Pork Chicken Dairy Bakery Beef Park Chicken Dairy Bakery

(at 1961-1997)

Beef ■0.558" 0.065 0.216“ -0.025 -0.053 1.099“ -1.255“ 0.387 0.452“ 0.032 -0.066 1.050“

Pork 0.020 -0.430“ 0.342“ -0.092“ -0.150“ 1.485“ 0.257 -0.453 1.033“ -0.012 -0.152 0.984“

Chicken 0.071“ 0.178“ ••0,309'’ -0.042 0.067 0.984“ 0.143“ 0.494“ -0.214 0.076 0.163 1.016“

Dairy 0.012 -0.103 -0.155 -0.535“ -0,087 0.725“ 0.045 -0.032 0.337 -0.888“ 0.360“ 1.042“

Bakery -0.034 -0.167“ 0.205 -0.074 -0.546 0.919“ -0.062 -0.224 0.483 0.240“ -0.654“ 1.053“

[at 1991-1997)

Beef -0.298" 0.097 0.182“ -0.027 -0.053 1.156“ -1.399“ 0.555” 0.384“ 0.036 -0.066 1.079“

Pork 0.048 -0.173 0.286“ -0.101“ -0.150“ 1.695“ 0.4041’ -0.217 0.879“ -0.013 -0.152 0.978“

Chicken 0.111" 0.254“ -0.413“ -0.047 0.067 0.986“ 0.225“ 0.708“ -0.331 0.086 0.163 1.014“

Dairy -0.001 -0.162 -0.127 -0.480“ -0.087 0.689“ 0.075 -0.044 0.286 -0.873“ 0.360“ 1.047“

Bakery -0.058 -0.242“ 0.175 -0.085 -0.546“ 0,919“ -0.095 -0.318 0.410 0.272“ -0.654“ 1.053“

OJUi

indicates statistical significance at the 5% level, 
indicates statistical significance at the 10% level.t>:
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Table 4.7: Estim ated C om pensated Price Elasticity M easures for Food C onsum ed at Home",h.

Short-run Elasticity Measures Long-run Elasticity Measures

B e e f Pork C h ic k e n D a ir y B a k e r y B e e f Pork

^// ( l. c a

C h ic k e n D a ir y B a k e r y

|at 1961-19971

B e e f -0.461" 0.163" 0.314“ 0.073“ 0.045 -1.161“ 0.480“ 0.545“ 0.125" 0.027

P ork 0.106h -0.344“ 0.428“ -0.006 -0.064 0.314“ -0.396 1.090“ 0.045 -0.095

C h ic k e n 0.098" 0.205“ -0.282 -0.015 0.094 0.171“ 0.523“ -0.185 0.105 0.191"

D a ir y 0.102" -0.013 -0.065 -0.445“ 0.003 0.175" 0.097 0.466 -0.759“ 0.490“

B a k e r y 0.042 -0.091 0.281 0.002 -0.470“ 0.025 -0.136 0.570" 0.328“ -0.566“

[at 1991-1997]

B e e f -0.233* 0.162 0.247“ 0.038 0.013 -1.338“ 0.616" 0.444“ 0.097 -0.005

P ork 0.117 -0.104 0.355“ -0.032 -0.081“ 0.444" -0.178 0.918“ 0.026 -0.113

C h ic k e n 0.144“ 0.286“ -0.380“ -0.015 0.099" 0.258“ 0.741“ -0.298 0.119 0.196"

D a ir y 0.075 -0.086 -0.051 -0.797“ -0.011 0.190 0.071 0.401 -0.758“ 0.476“

B a k e r y 0.019 -0.166“ 0.251" -0.008 -0.470“ -0,008 -0.231 0.497" 0.359“ -0.566“

'' indicates statistical significance at the 5% level.
11 indicates statistical significance at the 10% level.
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Appendix 4a: Elasticity Formulation for the Flexible Dynamic LAIDS Model.

Following Burton and Young (1992), elasticity measures are calculated as:

Short run Uncompensated E lasticity M easures:

Expenditure elasticity measure for the first stage: i]Sf! = —  + 1
C

Expenditure elasticity m easure for the second stage: i]kR =  +  1

Price elasticity  measures for the first stage: E,y* =  —------
c  j

„  vu -  ckct (r]kR - 1 )
Price elasticity  measures tor the second stase: Eff =----------------------------

where c, and c* are the expenditure shares o f product / and good k  respectively; and %  
and 6ij are unity if i=j: k=l and zero otherwise.

Long run Uncom pensated E lasticity M easures:

Expenditure elasticity measure for the first stase: r]1*  =  - ^ - + 1
c,

Expenditure elasticity measure for the second stase: = l-^~  + I

Price elasticity  measures for the first stage: E^* = —------- ------- - — 0 .
c i

llu ~ CtC'OTl* - 1)
Price elasticity  measures for the second stase: Erf =-------------------   —6,,* *— Kl  Kl

Ck

Com pensated Elasticity M easures:
C om pensated elasticity measures are calculated using the Slutsky relationship:

First stage com pensated measures: gcomp _  guncomp + ^ ^

Second stage com pensated m easures: E“ mp = E ^ 0"115 + rjkck
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5. SIM ULA TIO N: T H E  IM PACT OF V A LU E-A D D ING  ON TH E FARM

SECTOR

5.1 Introduction

M ost o f  Canada’s grains/oilseeds production and m uch of the livestock output is 

produced in the Prairie provinces o f Alberta, Saskatchewan and M anitoba. M uch of the 

grains/oilseeds and pork products is destined for the export market. D om estic dem and for 

agricultural and food products is relatively stable. Thus, apart from influences from 

w eather and technological factors, variations in farm prices and farm incomes are 

predom inantly determined by situations in the international market. Such situations have 

caused a renew ed interest in the concept o f “post-farm-gate value adding” by the federal 

and provincial governments and by the agriculture industry. Consequently, substantial 

investm ent has been made in value-added initiatives in the post-farm -gate sector.

A gricultural econom ists have expended much effort toward evaluating the 

econom ic benefits from cost-reducing research in agriculture. Some econom ic research 

has generally been carried out by assessing a multi-stage production system  in a partial- 

equilibrium  fram ework. Studies have focused on the distribution of econom ic benefits 

from governm ent policy such as investment in research and developm ent (Dryburgh and 

Doyle 1995; H ollow ay 1991: Huang and Sexton 1996; M ullen et al. 1989; Voon and 

Edwards 1991:). Other studies have examined the benefits from investm ents in 

com m odity prom otion and advertising (Cranfield et al. 1995; Kinnucan et al. 1996; 

W ohlgenant 1993). The literature provides important insights into the effects o f different 

types o f exogenous factors on com m odity prices and quantities as well as the effects on 

welfare o f particular groups in the food production system . The effects o f promotion
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and/or advertising are evaluated under the assumption that prom otion and/or advertising 

shift the retail dem and curve and for research, the effects are evaluated under the 

assumption that research shifts the farm input supply curves. W hile this m ulti-stage 

approach is equally applicable to estimating the effects o f value adding investm ent, no 

attention as yet has been given to economic research on this particular issue. This 

com ponent o f the thesis extends the literature on distribution o f gains in a m ulti-stage 

production system to include gains/losses from investment in value adding in the post- 

farm-gate sector.

This portion of the study follows and adapts the w ork o f M artin and Alston (1994) 

who m easure the impact o f a technological change that shifts the supply curve o f farm 

com m odities. This study is concerned with the impact o f  investm ent in value added 

processing that may shift the derived dem and curve for farm com m odities. Five 

com m odities are examined, namely wheat, feed barley, canola, slaughter cattle and 

slaughter hogs. Functional equations representing the supply and demand for the 

comm odities are applied in experiments based on the assum ption of increased dem and for 

the com m odities. Results from the experiments should provide insights into the effects o f 

investment in value adding on prices, quantities and farm ers’ welfare.

The following section of the study illustrates a conceptual model o f the likely 

impact o f value added investments in the processing sector. Following this, sections 

dealing with the empirical specification of the models, param eterization of the m odels, 

solution algorithm  of the models, validation o f the models, and measurement of changes 

in farm ers' welfare are presented. Simulated results and discussion of these are then 

presented and some conclusions are drawn from the sim ulated results.
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5.2 Conceptual Model

Figure 5.1 is a sim plified diagiram illustrating the impact o f value-added 

investm ent on western Canadian farmers. I t  is assumed that value-adding activities would 

increase quantities o f farm com m odities dem anded for dom estic processing. From  Figure 

5.1, the world market determines the dom estic  price o f the com m odity q. A ssum ing that 

governm ent investments in value adding ac ts  as a subsidy that applies to purchasers o f 

the commodity, the effective dom estic m arket demand for q moves from D to D ' by a 

vertical distance equal to the subsidy. T h is  is because more o f the q is dem anded at each 

m arket price. One o f the effects o f this increase in dom estic market demand is to shift the 

excess supply function inwards, from ES to E S '. The horizontal distance o f  this latter 

shift at each price is the same as the horizontal movement from  D to D'.

The effect of these shifts in dom estic market dem and and the excess supply 

function on western Canadian farmers depends on the nature of the excess demand 

function ED as perceived by Canada. In  panel [A], the excess demand function is 

downward sloping but near infinitely e lastic , indicating that Canada has a fairly  small 

am ount of power on the world market to influence the price o f q. Thus, with a shift in 

the domestic market demand for q and th e  consequent contraction in the excess supply, 

the domestic price of q increases from '\vu to In term s of welfare, the gain by 

producers from the price increase is the shaded  area.

In panel [B], the excess dem and function that Canada faces is infinitely elastic 

(horizontal), indicating that Canada has v e ry  minimal or no power to influence the price 

o f q  on world market. The price o f q is exogenous to Canada. The contraction in the
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supply o f  q on the world m arket does not translate into any change in the price of q. 

Consequently, there is no welfare gain by producers from  the shift o f the dom estic market 

dem and from  D to D'.

5.3 E m p irica l M odel

The modelling procedure em ployed in the study to evaluate the effects o f value- 

added investm ent lends itself directly to applications o f  full general equilibrium  models 

but attention focuses on only a few com m odity sub-sectors. All the functional 

relationships specified previously in Chapters 2 to 5 are put together in a partial 

equilibrium  framework and used for sim ulating the effects o f changes in domestic 

dem and for commodities.

The production functions for the farm com m odities were derived from a 

G eneralized Leontief profit function (see C hapter 2). From section 2.1 (C hapter 2), the 

supply functions are represented as:

where qi is the quantity of com m odity / supplied: and ny is the price. The subscripts i j  are 

indexed l=w heat, 2=canola, 3=slaughter cattle, 4=slaughter hogs and 5=  feed barley. 

Equation (5.1) differs from equation (2. IS) in that the constant term a„-, in (5.1) subsumes 

the effects o f the fixed and quasi-fixed factors. Sim ilarly, the demand functions for the 

farm com m odities were derived from a Translog profit function (see C hapter 3, section 

3.4). The dem and functions are represented as:

<7,00
U’.

CL,
0.5

(5.2)
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where 5 7  is the cost o f the com m odity to total profit; n  is the processor profit; q f  is the

quantity o f the commodity dem anded dom estically; and /?* is the price o f the output k 

produced from com m odity i.

It is assum ed that feed barley is used m ainly as livestock feed. Consequently, the 

dem and function for barley (z'=5) is specified as a linear function o f the price o f slaughter 

cattle, slaughter hogs and barley:

<7s = O'o + 2 < V ' y  J' =  3.....5 (5 -3 )
J

where is the quantity of barley dem anded and the as are parameters.

Regarding output from the processors, the following correspondence is made 

between com m odities and output: W heat is used to produce wheat flour, canola is used to 

produce canola oil, and slaughter cattle and slaughter hogs are used to produce meat

I sproducts \  Thus, from the processor profit function, the supply functions for processor 

output are represented by:

^  = bt. + b k. In/?, + b tl Inn ; k =  1,...,3 (5.4)

where the subscript k is indexed as l=w heat flour. 2= canola oil, and 3=m eat19. Equations

(5.2) and (5.4) differ from equation (3.24) and (3.25) in that the intercept terms £>,• and bk 

subsum e other intermediate and marketing inputs such as labour and energy. O ther 

variables are defined as earlier.

1S Data on the meat processing industry output obtained from Statistics Canada are aggregated and include 
abattoir operations and meat packing operations.
19 The equation for meat products includes the price o f  both slaughter cattle and slaughter hogs.
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The demand for processors’ output is represented by the linear version o f the 

almost ideal demand system (chapter 4, section 4.2.2). The share equations for the 

products are expressed as:

c k =  a k + ' £  a u In p , +  Pk In (-^-) k j  =  1,...,4 (5.5)
i P

where c* is the share of product k in consumer expenditure (p kxk / M ) ; xk is the 

quantity of product k demanded on the domestic market; M  is total expenditure; and P  is 

Stone’s price index. In equation (5.5) the subscripts k and I are indexed I=wheat flour, 

2=canoIa oil, 3=beef, and 4=pork. The as  and are parameters. The following 

relationship is used to link the output of meat products and the retail products of beef and 

pork:

-  0 + x ?  + xT + x ?  + x ?  (5.6)

where ,v" is the quantity of beef and pork exported; and 6 is a parameter that captures

other livestock products besides beef and pork such as veal and mutton. Similarly, the 

price of meat products is linked to the price o f  beef and pork as:

P,„au = 71 n +  (5-7)
k=  3

where the m  are parameters.

To complete the model some market closing identities (market equilibrium 

conditions) and other price linkages need to be established. The commodity market 

closing identities are represented as:

<7, = <l1 + ‘I. > =  5 (5-8)

14S

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



where q. is *export of commodity i. For feed barley, cj. is deno ted  by a parameter that 

accounts for stocks. The product market closing identities are represented as:

-v* = a 0 + Ak x'l + x* k =  (5.9)

where x£’ is the retail demand for product k; x£ is the quantity  o f  product exported; and

the Xs are parameters. The parameter Ao subsumes stocks o f  the  product k and A* is a 

conversion factor. For example, beef and pork are converted from  carcass weight to retail 

weight using; /.*=().73 and a ^O .16  for beef and pork respectively (Veeman and Peng 

1997). The m ark e t closing identities o f  equations (5.S) and (5 .9) ensure that total supply 

equals total d.emand.

For w heat, canola, slaughter cattle and slaughter hogs, export  supply functions are 

specified as functions of own price, that is,

ck =  + 0 iu', / = !,...,4 (5.10)

where the qs sire parameters.

Other price linkage equations involve relationships between processor output 

price and famn commodity price. These are specified as:

P k  =  + 0 ' i u ', / , £  = !,...,4 (5.11)

where the & a r e  parameters.

The com ple te  model consisted of 34 variables and 36 equations and the solution 

method fo llow ed to solve the model was to treat the model as a collection of linear and 

non-linear alg;ebraic equations. The system of equations was then  solved using software, 

GAMS (Gcnerral Algebraic Modeling System) and the C O N O P T  solver (Brooke et al. 

1996). The process  involved the following steps:
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1. Solve the system o f  equations to obtain optimal solutions for the variables (base 

case).

2. Validate the model by introducing a shock o f  a 50% increase in grain/oilseed prices 

and resolve the system of equations to obtain new solutions for prices and quantities.

3. Conduct other shock experiments by increasing domestic demand of each commodity 

by 20% and resolve the system to obtain new solutions for prices and quantities 

besides the fixed dem and levels.

4. For each solution, calculate the changes in quantity', price and farmers’ welfare.

Unfortunately, the solution for the system of equations contained some 

infeasibilities and required reparametrization. M oreover, the complete model failed a 

validation test (see section 5.5 below). Therefore, the supply and demand functions for 

processor output were eliminated from the system. The resulting model used in the study 

consisted of 22 variables and 22 equations (see Appendix 5).

5.4 Model Param eterization

With the model specification as above, the next step is to determine the values of 

the model parameters that appear in the equations. In the literature, two procedures are 

used to obtain the parametric values: by stochastic procedure and/or by a deterministic 

procedure. With the stochastic procedure, the equations o f  the system are estimated 

simultaneously by econometric techniques using time series data (e.g., Kinnucan et al. 

1996; Wahl et al. 1992; Weerahewa 1996). This procedure has the advantage o f  allowing 

statistical tests on the estimated parameters. In addition, the parameters are calculated on 

the basis of average relationships exhibited between the dependent and independent
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variables over a period of time. Thus, out o f  sample projections could be more accurate. 

In spite o f  the advantages o f  the stochastic procedure, a m ajor problem is infeasibility 

because o f  problems with degrees of freedom. Moreover, in such multi-stage models 

where market-clearing conditions are included, the likelihood function of the system of 

equations will not be well defined since there are restrictions on parameters (Rodriguez 

1974).

The alternative deterministic procedure is followed in this study. It involves 

calibrating the equations to a base period using elasticity estimates from the literature and 

occasionally by econometric estimation to fix the values o f  certain parameters (e.g., 

Adilu 199S; Dryburgh and Doyle 1995; Holloway 1991; Martin and Alston 1994; 

Wohlgenant 1993). For the present study, elasticity estimates from chapters 2, 3 and 4 are 

used to calibrate the supply and demand relationships o f  equations (5.1) to (5.5)20. 

Econometric estimates are used to calibrate the relationships in equations (5.7), (5.10) 

and (5.11). One implication of calibration is that the model cannot be statistically tested 

since the parameters are chosen in a deterministic way. In addition, a fundamental 

assumption in calibration is that the market is in equilibrium in the base period. Hence, 

the model can be used to perform different comparative static analyses from changes in 

exogenous variables.

5.5 M odel Validation

Model validation is important in empirical analysis particularly, for predictive 

analysis. Validation refers to exercises that determine whether the model behaviour is 

close enough to real world behaviour (McCarl and Spreen 1984). Where stochastic
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procedures are used to parameterize the model, the commonly used validation statistics 

are Correlation coefficient. Root Mean Square Error, and statistics obtained by regressing 

actual on predicted values. The purpose of examining the statistics is to ascertain how 

well the simulated values predict the actual data.

Where deterministic procedures are applied to parameterize the model as in this 

study, models are frequently validated using historical events. Models are constructed 

and validated or justified in one o f  several wavs:

1. The right procedures are followed where the modelling approach is consistent with 

industry, previous research and/or theory and that data are specified using reasonable 

scientific estimation and accounting procedures (e.g., Cranfield et al. 1995: Martin 

and Alston 1994).

2. Trial results indicate the model is behaving satisfactorily and does not contradict 

perceptions of reality (e.g., Kinnucan, Xiao and Hsia 1996: Wahl, Hayes and Johnson 

1992).

3. The data arc set up in a manner so that the real world outcome is replicated (e.g.. 

Adilu 199S: Benirschka ct al. 1996).

A review of the various model validation procedures reveals that the process of 

validation is fundamentally subjective (McCarl and Spreen 19S4). Modellers choose the 

validity tests, the criteria for passing those tests, what model outputs to validate, what 

setting to test in, what data to use, etc. Nonetheless, validation exercises improve model 

performance and provide insights into the issues being examined. In this study, two 

procedures of validation by model construction are followed:

"° Elasticity estimates from chapter 4  that are used for the calibration are uncompensated estimates.
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1. The m odelling approach in this study utilizes functional relationships that are derived 

from duality approaches in economic theory rather than the ad hoc linear 

relationships specified in the literature (e.g., Cranfield et al. 1995; Wahl, Hayes and 

Johnson 1992). The modelling approach is also consistent with industry structure and 

previous research (e.g., Martin and Alston 1994).

2. Trial results from this study indicate the model behaves satisfactorily and does not 

contradict perceptions o f reality. This is accomplished using the behaviour o f  

com m odity prices, which are known to move together (Bew ley et al. 1987; Burt and 

W orthington 19SS; Coyle 1993; Shum way et al. 1987). A sharp increase in the price 

of one commodity results in corresponding increases in the price of o ther 

commodities.

5.6 W elfare M easures

The economic welfare measure depicted in Figure 5.1 apply to linear demand and 

supply relations involving a single commodity. The system o f  equations derived and 

applied in the present study involves more than one commodity. Thus, changes in the 

quantity dem anded of one commodity result in changes in the price of other commodities. 

Just et al. (19S2, p. 337-343) provide procedures for evaluating welfare of a multiple 

price change. In the farm commodity market, this procedure involves evaluating producer 

(processor) surplus by integrating with respect to commodity prices above (below) the 

commodity supply (demand) curve. This approach amounts first, to differentiating the 

profit functions with respect to price(s) and then integrating with respect to the same 

price(s). The profit function must be expressed as the integral over all of the supply
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functions with respect to prices, with integration undertaken one price at a time (Just et 

al. 1982, p. 340). This need for integration with respect to all prices makes the calculation 

of  economic surplus difficult to undertake. Consequently, producer welfare is evaluated

All variables are defined as previously. The as  identified in equation (5.1) are used to 

parameterize equation 5.12.

5.7 Results and Discussion

The analysis of the effects o f  value adding investment follow the nature of the 

model. The base solution represents the initial market equilibrium conditions. Exogenous 

shocks to the system affect the initial equilibrium causing imbalances in the market. The 

variables then adjust to establish a new market equilibrium. From economic theory, it is 

assumed that changes in the price variables trigger changes in quantity variables and/or 

vice versa. Thus the model solution illustrates price and quantity responses and cross

commodity substitutions. The changes that occur in the variables contain both direct and 

indirect effects of the introduced shocks but it is difficult to distinguish between the two 

effects. However, it may be assumed that the direct effects are relatively larger than the 

indirect effects. This ensures the stability of the system.

5 . 7 . 1  E f f e c t s  o f  I n c r e a s e s  i n  C o m m o d i t y  P r i c e s

Table 5.1 repons the effects o f  a 50% increase in the price o f  commodities. The 

values reported in the table are percentage changes from the base solution. The purpose

in this study using changes in producer profit. Producer profit (11^) is calculated as:
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of these experiments is to verify whether prices o f  commodities m ove together. It is a 

means o f  validating or  justifying the performance of the model for predictive policy 

scenarios. Since commodity prices are known to move together, it is expected that with a 

shock in one commodity price, other prices will move along in the same direction. For 

example in 1973, a sudden increase in demand for wheat on the world market resulted in 

sharp increases in commodity prices, particularly for wheat, and a significant increase in 

the export of wheat from Canada. Consequently, assessing the effect o f  a 50% increase in 

the price of wheat can be used to validate the model used in this study as the model 

solution is compared to the real world results.

5.7.1.1_______ Effects o f  a 50% Increase in Wheat Price

This experiment is conducted by introducing a 50% increase in the price of wheat. 

The model solution is presented in Table 5.1. All commodity prices increased from the 

base solution except the price of hogs, which declined by 4.35%. The price of barley 

increased by 28.65%, the price of canola by 117.73% and the price o f  slaughter cattle by 

3.98% (Table 5.1). The rise in the price o f  wheat triggered a response in supply with 

wheat production increasing by 12.55%. Production of barley and canola  did not respond 

to the rise in the prices. Canola production declined by 5.57%. These effects may be 

attributed to substitution effects in production from increased wheat production.

The increase in grain/oilseed prices resulted in a decline in domestic demand for 

the commodities. Domestic demand for wheat decreased by 86.1% while canola demand 

decreased by 77.12%. Regarding exports, there are significant increases in wheat and 

canola exports. Exports o f  wheat and canola increased by 40.8% and 438%  respectively.

155

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In the livestock sector, with a 50% increase i n  the price o f  wheat, the price of 

hogs decreased by 4.35% nonetheless, production increased  by 179.17% and domestic 

demand also increased by 145.14%. With a re la tive ly  high domestic demand for hogs 

compared to production, exports of live hogs decreased by 39.02%. Cattle price increased 

by 3.98%, probably causing the observed decline in domestic demand (13.3%). 

Production also declined by S.29%. With a  low dom estic  dem and for cattle, exports 

increased by 123.53%. In terms of farmers’ welfare, to ta l profits increased by 327.77% 

making farmers better off than from the base solution.

5.7.1.2________Effects o f  a 50% Increase in B ariev  Price

A second experiment is conducted where the p r ice  o f barley is increased by 50% 

to observe the effects on prices and quantities. R esu lts  from that scenario are also 

presented in Table 5.1. All commodity prices increased  except the price of hogs, which 

decreased by 4.53%. The price of wheat, canola, and ca i t le  increased by 45.2%, 100.45% 

and 3.9S% respectively. With a rise in the price o f  barley, there was a consequent 

increase in production by 11.3%. The production o f w h ea t remained fairly constant while 

canola production declined by 5.57%. These effects m a y  also be attributed to substitution 

in production between the commodities since it is im plic it in the functional specifications 

that land allocation is fixed. The increase in wheat and c an o la  price resulted in a decrease 

in domestic demand for the commodities. Domestic demtand for wheat declined by 86.1% 

and domestic dem and for canola fell by 72.45%. Whe-at exports increased by 40.73%, 

and canola exports by 362%.
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Regarding the effects on livestock, the price o f  hogs declined by 4.53% and yet 

production increased by 187.5%. Domestic demand for hogs also increase by 152.57% 

probably resulting in the observed decline in hog exports. In the cattle industry, there was 

a rise in price but production and domestic demand declined. H ow ever cattle exports 

increased. In terms o f  welfare, fanners are better o ff with total profit increasing by 

407.82%.

5 .1 .1.3________Effects of a 50% Increase in Canola Price

This experiment involved introducing a 50% increase in the price o f  canola. The 

model solution is also presented in Tables 5.1. All commodity prices increased from the 

base solution except the price of hogs. The price o f  wheat increased by 29.38%, the price 

o f  barley by 14.S9% and the price of slaughter cattle by 2. IS% (Table 5.1). The rise in 

the price of canola triggered a response in supply with canola production increasing by 

30.31%. Production of wheat and barley did  not respond significantly to the rise in the 

prices. These effects may also be attributed to substitution effects in production.

The increase in commodity prices resulted in a decline in domestic demand for 

the commodities. Domestic demand for wheat decreased by 65.07% while canola demand 

decreased by 50.05%. Regarding exports, there are significant increases in wheat and 

canola exports. Exports of wheat and canola increased by 40.57% and  140% respectively.

In the livestock sector, the price o f  hogs decreased by 4.35%  but that of cattle 

increased by a modest 2.1S%. The production of hogs increased by 95.83% and domestic 

demand also increased by 1S5.71%. With a relatively high domestic demand for hogs 

compared to production, exports of live hogs decreased by 21.14%. Domestic demand for
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cattle declined by 6.S2%. Production also declined and with the low domestic demand, 

cattle exports increased by 67.65%. In terms of farmers’ welfare, total profits increased 

by 180.44% making farmers better off.

In summary, it can be observed that an increase in the price o f  one o f  the grains/oilseed 

commodities caused a significant increase in the price of other grains/oilseed and no t the 

price of livestock. An increase in the price of a grains/oilseed commodity resulted in an 

increase in production and a fairly constant or declines in the production o f  others. This 

effect may be attributed to substitution between commodities in production. An implicit 

assumption underlying the models is that land is fixed hence, there is competition fo r  the 

land resource in production. Thus, the model solution illustrates price and quantity 

response and cross-commodity substitutions. In line with economic theory, changes in 

price variables triggered changes in quantity variables.

High prices also caused domestic demand to fall and increased exports, 

particularly for wheat and canola. Farmers’ welfare increased significantly with an 

increase in the price o f  grains/oilseed.

5.7.2 E ffects o f  an Increase in Domestic Dem and fo r  Com m odities

Table 5.2 reports the effects o f  a 20% increase in domestic dem and for 

grain/oilseed and livestock. The values reported in the table are percentage changes from 

the base solution. These experiments were conducted to verify the effects o f  government 

projections of domestic demand for commodities through increased value adding 

activities in the processing sector.
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5.7.2.1 Effects of a 20% Increase in Domestic Demand for W heat

With an increase in domestic wheat demand, the price of wheat declined by 9.04% and 

barley by 2.81%. There is however an increase in canola price. With the decline in prices, 

wheat and barley production experienced some decline in production. Canola production 

declined as welt. The decline in barley price did not result in an increase in domestic 

demand for this grain. The increase in the price o f  canola caused the domestic demand for 

this oilseed to fall by 4.19%. Canola export increased by 60%, which probably explains 

the increase in canola price. Wheat exports also increased by 10.78%. This volume of 

export was not enough to result in a rise in wheat price. The changes in wheat and canola 

exports appear to be more pronounced than the changes in production o f the 

commodities. The effects on barley were quite minimal. Though the price o f  barley 

declined by 2.81%, domestic demand declined and production does not increase. This 

solution may appear counter-intuitive but considering the fact that barley is used as feed 

for the livestock industry, we observe that the production o f cattle and hogs did not 

increase (Table 5.2). Therefore, this result may not necessarily be counter-intuitive. 

Changes in the hog industry were modest and it appears that the cattle industry was not 

affected by the increase in domestic wheat demand.

In terms of welfare, producer profits declined by 5.77%, which m ay be attributed 

to the unrealized increase in farm prices, particularly for the grains. Wheat and barley 

production is very significant in western Canada. The findings from this scenario, given 

in Table 5.1 underscore the fact that variation in farm prices (particularly in the price of
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grain and oilseed) and variation in farm incomes are predominantly determined by 

situations in the international market.

5.7.2.2 Effects o f  a 20% Increase in Domestic Demand for Canola

From Table 5.2, a 20% increase in the domestic dem and for canola caused an 

increase in the price o f  canola by 5.45% but a decline in the price of wheat and barley. 

With an increase in price, canola production increased by 21.06%. The production o f 

wheat and barley declined which may be attributed to the decline in price and to 

substitution effects in production with canola. Exports o f  canola increased by 50%. The 

decline in wheat price however, caused an increase in domestic demand for wheat by 

21.69%. In view o f  the results given in section 5.7.1 above, it is hard to explain why 

wheat exports in this scenario increased by 49.61% and yet the price of wheat fell. The 

effect on barley was not that pronounced. Unlike wheat, a significant amount o f  canola is 

processed locally. Thus, the finding of an increase in canola price and production with an 

increase in domestic demand may be in order.

An increase in the domestic demand for canola resulted in an increase in hog price 

but a decrease in cattle price. Nonetheless, the production of both cattle and hogs 

decreased by 0.32 and 11.11 respectively. The domestic dem and for the two commodities 

also declined and for exports, hogs exported increased by 3.25% while export of cattle 

decreased by 5.SS%.
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5 .1 .2 3 Effects of a 20% Increase in Domestic Demand for Cattle

Table 5.2 also reports the effects o f  a 20% increase in domestic demand for 

slaughter cattle and hogs. With a 20% increase in domestic cattle demand, the price o f  

cattle declines by 1.14% instead of increasing. The price decline appears contrary to 

expectation, nevertheless there is an increase in cattle production by 16.9% suggesting a 

positive net effect for the cattle industry. Export o f  cattle decreased by 64.71%. The price 

o f  hogs fell b y  0.18% but hog production increased by 4.86%. However, the decrease in 

hog price resulted in an increase in the domestic demand for hogs by 42.86%. Export o f  

hogs decreased by 1.63%.

Changes in the prices and production o f  the crops were modest but significant in 

the quantities exported. The price o f  barley was unchanged yet production and domestic 

demand decreased. This solution appears counter-intuitive to the increased production of 

cattle and h o g  production. It was expected that an increase in the production of cattle and 

hogs would result in an increase in domestic demand for barley.

In terms of producer welfare, total profits increased by 5.09%. The significant 

increase in the production of cattle and hogs coupled with the relatively stable livestock 

prices, may have contributed to the increase in farmers’ welfare. This solution may 

suggest that farmers will be better o ff  with increased investments and capacity- 

expansions in the domestic cattle slaughtering industry.

5.7.2.4-_______ Effects of a 20% Increase in Domestic D em and for Hogs

Generally, a 20% increase in domestic demand for slaughter hogs resulted in price 

increase for al 1 the five commodities ranging from 0.09% to 1.13% (Table 5.3). The price
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rise did not cause much change in commodity supply except in hog production. The 

production of hogs increased by 2.7S%. There was no change in hog exports. With a 

price increase, the domestic demand for wheat, canola and cattle decreased. The quantity 

o f  canola and cattle exported increased by 20 and 2.94% respectively. The effects on 

barley were minimal.

In terms of producer welfare, total profits increased by 4.72%, which may be 

attributed to the resulting increases in commodity prices. This solution is consistent with 

the solution from the cattle scenario above, in which farmers may be better off with 

capacity expansions in the domestic meat processing industry.

In summary, an increase in the domestic demand of commodities resulted in a very small 

effect on commodity prices. As a result, the increase in farmers’ profits is also minimal. 

Changes in quantity variables did not trigger changes in price variables suggesting that in 

Canada, commodity prices and are exogenously determined and predominantly by 

situations in the international market. Consequently, farmers’ incomes are also 

determined predominantly by situations in the international market. This suggests that the 

belief that increasing domestic demand for commodities due to value adding investments 

would boost commodity prices and farmers' incomes may not be necessarily realized in 

the short term.

5.8 Sum m ary and Conclusions

This portion of the thesis attempted to evaluate the impact o f  value-added 

investment in the post-farm-gate sector on prices, quantities and welfare of western
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Canadian fanners. The model used in these analyses consisted o f  a system of commodity 

supply and dem and relationships, market equilibrium conditions and price linkage 

relationships. The system o f  equations was first solved for initial equilibrium conditions. 

Then shocks were introduced to destabilize the system and the system resolved to obtain 

new equilibrium conditions.

Research investment in value added processing is assumed to enhance demand for 

primary commodities through improvement in product quality and production of new and 

alternative products causing an outward shift in the demand curve for farm commodities. 

The resulting effects would include price and quantity responses as well as cross

commodity substitution in production. Overall, the various simulation results allude to 

the expectations that farmers will be better off with increased prices of grains/oilseed. 

However, the results indicate that increases in commodity prices cannot be realized in the 

short term from increased domestic demand for commodities. Currently, commodity 

prices appear to be exogenously determined. Nonetheless, results suggest that, to a 

smaller extent, increased domestic demand for cattle and hogs may increase farmers’ 

welfare. Value-added investment in the livestock and canola processing industries 

appears to provide some short-term returns in contrast to value-added investment in the 

wheat milling industry.
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Figure 5.1: H ypothesised Effects o f V alue Added Investm ents
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Table 5.1 Effects of 50% Increase in Commodity Price

Percentage change (%) from base solution

Variable

50% increase in 
wheat price

50% increase in 
barley price

50% increase in 
canola price

Wheat production 12.55 1.78 4 .0 6

Barley production 0 .5 4 11.30 0 .2 7

Canola production -5 .5 7 -5.57 30 .31

Cattle production -S .29 -6.57 -4 .0 9

Hog production 179 .17 1S7.50 95 .8 3

Wheat price 5 0 .5 4 45 .20 2 9 .3 8

Barley price 2 S .6 5 50.69 14.89

Canola price 117.73 100.45 5 0 .0 0

Cattle price 3 .9 8 3.9S 2 .18

Hog price -4 .3 5 -4.53 -2 .3 6

Flour price 2 9 .7 6 25.46 16.69

Oil price 1 30 .22 111.51 5 5 .4 0

Meat price - 0 .2 1 -0.31 -0 .1 0

Wheat demand -S 6 .1 0 -S6.10 -6 5 .0 7

Barley demand 1.12 2.06 0 .5 7

Canola demand -7 7 .1 2 -72.45 -50 .05

Cattle demand -1 3 .3 0 -11.51 -6 .S 2

Hogs demand 145 .14 152.57 1S5.71

Wheat export 4 0 .S 0 40.73 4 0 .5 7

Cattle export 123 .53 123.53 6 7 .6 5

Hogs export -3 9 .0 2 -40.65 -2 1 .1 4

Canola export 4 3  S.0 0 362 .00 140 .00

Producer profit 3 2 7 .7 7 407.S2 1S0.44
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Table 5.2 Effects of 20% Increase in Domestic Demand for Commodities

Percentage change (%) from base solution

Variable

20% increase in 
domestic demand 

for wheat

209?- increase in 
domestic demand 

for canola

20% increase in 
domestic demand 

for cattle

20% increase in 
domestic demand 

for hoas

Wheat production -4.09 -3.12 0.6S -I.S0

Barley production -0.06 -0.02 -0.19 0.01

Canola production -3.59 21.06 -1.S9 -1.04

Cattle production 0.00 -0.32 16.90 -0 .1 1

Hog production -0.69 - I I . 11 4.S6 2.7S

Wheat price -9.04 -6.21 2.26 1.13

Barley price -2.S1 -1.40 0 .00 0.2S

Canola price 2.73 5.45 1.36 0.91

Cattle price 0.00 -0.19 -1.14 0.09

Hog price 0.09 0.36 -0.1S 0.1S

Flour price -5.40 -3.71 I.IS 0.51

Oil price 2.SS 6.12 1.44 0.72

Meat price 0.00 0.00 -0.S4 0.00

Wheat demand 19.99 21.69 -6.34 -2.61

Barley demand -0.12 -0.04 -0.40 0.01

Canola demand -4.19 20.11 -2.19 -1.24

Cattle demand 0.00 -0.11 20.00 -0.22

Hogs demand -9.52 -95.24 42.S6 19.05

Wheat export 10.7S 49.61 49.70 0.01

Cattle export 0.00 -5.SS -64.71 2.94

Hogs export 0.S1 3.25 -1.63 0.00

Canola export 60.00 50.00 30.00 20.00

Producer profit -5.77 -1.42 5.09 4.72

166

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



References

Adilu, S. A. “The Implications of Multilateral Trade Liberalization for Canadian Agriculture: A 
Computable General Equilibrium Evaluation." Ph.D. dissertation. Department o f Rural Economy, 
University of Alberta, 1998.

Benirschka, M., W. \V. Koo, J .  Lou. “World Sugar Policy Simulation Model: Description and 
Computer Program Documentation.” Agricultural Economics Report #356, Department of 
Agricultural Economics. North Dakota State University, Fargo (1996).

Bewley, R., T. Young, and D. Colman. “A System Approach to Modelling Supply Equations in 
Agriculture.” Journal o f  A gricultural Economics, 38(May 1987): 151-166.

Brooke, A., D. Kendrick, and  A. Meeraus. GAMS Release 2.25. A User’s Guide. GAMS 
Development Corporation, D.C., 1996.

Burt, O. R. and V. E. Worthington. “Wheat Acreage Supply Response in the United States." 
Western Journal o f  Agricultural Economics. 13(J uly 19SS): 100-111.

Coyle, B. T. "On Modeling Systems of Crop Acreage Demands." Journal o f  Agricultural and 
Resource Economics. 1 S(July 1993): 57-69.

Cranfield, J., J. Weerahcwa, D. Scllcn, and E. Goddard. "Welfare Effects of Generic 
Advertising on US and Canadian Beef and Cattle Markets." Selected Paper at the Canadian 
Agricultural Economics and Farm Management Society annual meeting. July 9-12, 1995. Ottawa.

Dryburgh, C. R., and C. J .  Doyle. "Distribution of Research Gains under Different Market 
Structures: The Impact of Technological Change within the UK Dairy Industry." Journal o f  
Agricultural Economics, 46(January 1995): 80-96.

Holloway, G. J .  "The Farm-Retail Price-spread in an Imperfectly Competitive Food Industry." 
American Journal o f  Agricultural Economics. 73(December 1991): 979-989.

Huang, Shu-Yu and R. J .  Sexton. "Measuring Returns to an Innovation in an Imperfectly 
Competitive Market: Application to Mechanical Harvesting of Processing Tomatoes in Taiwan." 
American Journal o f  Agricultural Economics, 7S(August 1996): 55S-571.

Just, R. E., D. L. Hucth, and A. Schmitz. Applied Welfare Economics and Public Policy. 
Englewood Cliffs. NJ: Prentice-Hall, I9S2.

167

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Kinnucan, H. W., H. Xiao and C. J . Hsia. “Welfare Implications of Increased US Beef 
Promotion.” Applied Economics, 28(1996): 1235-1243.

Klein, K. K. B. Freeze and A. M. VValburgcr. “Economic Returns to Yield-increasing Research 
on Wheat in Western Canada.” Canadian Journal of Agricultural Economics, 44(November 
1996): 207-218.

M artin, W. J. and J . M. Alston. “A Dual Approach to Evaluating Research Benefits in the 
Presence of Trade Distortions.” American Journal of Agricultural Economics, 76 (February 
1994): 26-35.

McCarl, B. A., and T. H Sprcen. “Model Validation: An Overview with Some Emphasis on 
Risk Models.” Review of Marketing and Agricultural Economics, 52 (1984): 153-173.

Mullen, J . D., J . M. Alston, and M. K Wohlgenant. “The Impact of Farm and Processing 
Research on the Australian Wool Industry.” Australian Journal o f  Agricultural Economics, 33 
(April 1989): 32-47.

Rodriguez, G. and D. Kunkel. "Estimation of Flexibility Coefficients for Recursive 
Programming Models: Alternative Approaches.” American Journal o f  Agricultural Economics. 
56 (May 1974): 344-50.

Shumwav, C. R., K. Jcgasothv and W. P. Alexander. "Production Interrelationships in Sri 
Lankan Peasant Agriculture." Australian Journal o f Agricultural Economics. 3 1 (April 1987): 16- 
28.

Vceman, M. and Y. Peng. "Canadian Dairy Demand." Project Report 97-03, Department of 
Rural Economy. University of Alberta. Edmonton. 1997.

Voon, J. P., and G. \V Edwards. "Research Payoff from Quality Improvement: The Case of 
Backfat Depth in Pigs." Journal o f Agricultural Economics. 42 (1991): 66-76.

Wahl, T. I., D. J. Hayes, and S. R. Johnson. “Impacts of Liberalizing the Japanese Pork 
Market.” Journal o f Agricultural and Resource Economics, 17 (July 1992): 121-137.

Weerahewa, J. "Return from Investments under Imperfect Competition: Sri Lankan Tea 
Research, Promotion and Advertising.” Ph.D. dissertation. Department o f  Agricultural Economics 
and Business. University of Guelph. 1996.

168

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Wohlgenant, M. K. “Demand for Farm Output in a Complete System of Demand Function.” 
American Journal o f Agricultural Economics, 71 (May 19S9): 241-52.

-------------------------- . “Distribution of Gains from Research and Promotion in Multi-Stage
Production Systems: The Case of the US Beef and Pork Industries.” American Journal o f  
Agricultural Economics, 75 (August 1993): 642-651.

169

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Appendix 5a: Empirical Model

Structure Equation* C om m odity
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6. G EN ER A L DISCUSSION A N D  CO NCLUSIO NS

6.1 Introduction

T he purpose of the thesis is to assess the impacts o f  post-farm-gate value added 

activities on western Canadian agriculture. Value adding activities in the form of research 

and development projects in the post-farm-gate sector are assumed to result in increased 

demand for primary commodities produced in western Canada. The hope is that value- 

adding activities will contribute to economic development, sustained prosperity, and 

adaptation in the changing agricultural environment. Thus, the thesis aims at assessing 

the effects o f  value adding on the production of primary commodities, prices and the 

welfare o f  farmers. Primary commodities that are considered in the thesis include wheat, 

barley, canola. slaughter cattle and slaughter hogs.

The procedure adapted to achieve the objectives o f  the thesis was first, to 

establish the type of relationships among the commodities considered in the study. 

Second, the nature o f the market for these primary commodities was assessed and finally, 

experiments were conducted to provide insights into the effects o f  the assumed increased 

demand for commodities resulting from post-farm-gate value adding activities. The 

effects assessed are changes in prices, quantities and producer welfare in the form of 

profits.

6.2 Results

The results indicate significant economic interrelationships among wheat, barley, 

canola, slaughter cattle and slaughter hogs at the farm sector. The supply of each o f the 

commodities is positively related to its own price. W heat production and barley
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production appear as complements but canola production appears to be a substitute to 

wheat production. The results also indicate jointness in the production o f grains and 

oilseeds. Hog production is positively related to the prices of wheat, barley and canola. 

Cattle production is positively related to the price o f  barley. The results indicate non- 

jointness in the production of cattle and hogs and jointness in the production o f  hogs and 

barley.

The results from the assessment o f  the market for farm commodities indicate that 

the demand curves for slaughter cattle, wheat, feed barley, canola and labour are 

downward sloping. Labour and the five farm commodities are found to be complements 

in the food production process. On the issue of the existence o f  market power held by 

processors, there is no evidence of non-competitive behaviour in any of the commodity 

markets examined. The absence o f  non-competitive behaviour may be attributed to 

factors such as the structure o f  the commodity markets, increased competition from world 

trade, technical change, and cost economies of food processing operations.

Results from the simulation exercises corroborate the earlier finding that 

production of commodities is positively related to the price, and that substitution and 

complementary relationships exist among the commodities. The results indicate that an 

increase in the price o f one commodity results in an increase in the production of the 

commodity and a fairly constant or decline in the production of others. An implicit 

assumption underlying the simulation model is that land is fixed. Hence, there is 

competition for the land resource in production. Thus, the model solution illustrates price 

and quantity response and cross-commodity substitutions. High prices o f  commodities
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cause domestic demand to fall and exports to increase, particularly for wheat and canola. 

Farmers’ welfare increased significantly with an increase in the price o f  grains/oilseed.

Experiments conducted by increasing the quantity o f  commodities demanded on 

the domestic market resulted in a very small effect on commodity prices. As a result, the 

increase in farmers’ profits is also minimal. Changes in quantity variables did not trigger 

changes in price variables suggesting that in Canada, commodity prices are exogenously 

determined and predominantly by situations in the international market. Consequently, 

fanners’ incomes are also determined predominantly by situations in the international 

market. The belief that increasing domestic demand for commodities (through increased 

value adding) would boost commodity prices and farmers’ incomes may not be realized 

in the short term. Thus, there are no immediate benefits to farmers from the funding that 

governments have spent on value added investments. Any anticipated benefits to farmers 

would require significant marketing strategies, policy shifts in the agricultural sector 

and/or structural changes in the agricultural industry.

6.3 Recom m endations

It is clear from the results that the volume of Canadian agricultural commodities 

traded on the world market is too small to permit Canada to influence world price21. On 

an individual commodity basis however, Canada may be able to influence the price that 

farmers receive. As Figure 5.1 illustrates, shifts in the domestic dem and of a commodity 

can result in a price increase provided the excess demand function that Canada faces on 

the world market is upward sloping. Figure 5.1 and the results from the simulation

~l T h e  to ta l C an a d ia n  a g r ic u ltu r a l p ro d u cts e x p o r ts  a v e r a g e d  a b o u t 3 % o f  to ta l w o r ld  a g r icu ltu ra l p rod u cts  
e x p o r ts  for  the p eriod  1 9 9 2  to  1 9 9 7  (F o o d  and A g r icu ltu re  O rg a n iz a tio n  - F A O  1 9 9 9 )
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exercises indicate that farmers’ welfare is increased with increased commodity price. 

Prices are determined by the market therefore, there is the need for strategies directed at 

specific markets to enhance a rise in price. On the foreign market, strategies must be 

directed at increasing market share. Som e strategies could include entrepreneurial spirit 

and ingenuity in establishing new markets, and positioning commodities in existing 

markets. Canada’s average market shares in the world market fo r wheat and barley from 

19SS to 1997 are about IS% and 19% respectively (Canadian W heat Board 1999; Food 

and Agriculture Organization 1999; International Grains Council 1999). Canada’s share 

o f  the world market for canola is about 4S%. Even without a focus on enhancing a rise in 

commodity prices, fanners’ revenues per unit of production could be increased and 

sustained with increased exports of commodities if the world price o f  commodities 

remain constant.

Canada’s potential to influence prices on the world m arket depends critically on 

the world demand for commodities, which is erratic. Consequently, domestic value-added 

processing has been seen as an opportunity for guaranteed markets that would facilitate 

high prices of commodities. Adding value to enhance the price o f  commodities will be 

effective when an appreciable proportion of domestic production is processed 

domestically and a sm aller proportion o f  the commodity is exported. The current 

development of new value-added processing opportunities on the Prairies (e.g., canola 

crushing plants and livestock slaughter facilities) will provide som e economic activity in 

the Prairies. However, these activities will not enhance the price o f  commodities at the 

farm gate, which will continue to be set by the world price, less transportation cost. The
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loss o f  direct support from the government means that farmers will continue to face the 

full impact of downturns in agricultural commodity prices.

Although fan n e r  involvement in processing can take m any forms, the formation 

of new structures o f  co-operation and vertical co-ordination in the food chain must be 

given special attention. N ew  management structures are required to meet the challenges 

of the new agricultural economy. The “New Generation Co-operatives” (NGCs) initiated 

in the US in North Dakota and Minnesota provide a potential model to follow. New 

Generation Co-operatives integrate farmers into domestic processing activities, with 

focus on vertical integration between these levels. Such arrangements provide farmers 

with a set price for their primary commodities as well as earnings from the processing 

and value adding activities. Thus, NGCs may have the potential with respect to first, their 

inherent ability to com pete in value-added products market and second, providing ways 

of generating and sustaining producers’ revenues from the marketplace.
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